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STUDIES ON OXYGEN-CARRYING COBALT COMPOUNDS1 
IV. THE REACTION OF DISALICYLALETHYLENEDIIMINE AND COBALT 
CHLORIDE UNDER ANHYDROUS CONDITIONS 
GEORGE C. HARRISON AND HARVEY DIEHL 
Department of Chemistry, Iowa State College 
Received March 4, 1947 
It was observed that when the oxygen-carrying compound, bi-(disa-
licylalethylenediimine)-~t-aquo-dicobalt, was prepared by the addition of 
an aqueous, alkaline solution of the Schiff's base, disalicylalethylene-
diimine, to an aqueous solution of a cobalt salt, an orange precipitate 
formed first which was quickly converted to the cinnamon-colored, 
oxygen-carrying compound or covered up by it. The formation of this 
orange precursor was not observed when the oxygen-carrying compound 
was prepared by direct interaction of the cobalt salt, the ethylenediamine, 
and the salicy !aldehyde or in the pyridine method of preparing the 
material. The nature of this orange precursor was naturally of consider-
able interest in that it could. possibly yield some clue to the unique 
character of the oxygen-carrying compound. 
Inasmuch as the orange material existed only momentarily in water 
solution, it was fruit1ess to attempt its preparation in the presence of 
water. The method of attack, therefore, was to work under anhydrous 
conditions, preventing as much as possible the contact of the compound 
with moist air. Anhydrous ethyl alcohol was selected as the medium. 
As expected the orange material was obtained but in addition a 
green and a purple compound were also obtained. By careful fractional 
crystallization it was possible to obtain a fairly pure specimen of the 
orange compound and a fair specimen of the green compound but the 
purple compound appeared to be rather badly contaminated with other 
material. 
The orange compound was inactive toward oxygen and not hygro-
scopic. On treatment with water it promptly passed into the cinnamon-
colored, oxygen-carrying compound. It contained chloride. The chemical 
analysis gave the ratio Co : N : Cl : : : 3 : 4 : 2. This indicated · the com-
position to be (C10H 1402N2Co)2·CoC12 , which is possibly a binuclear 
compound in which two cobalt atoms are joined through two bridging 
chloro groups, that is, cobalt bi-(disalicylalethylenediimine)-µ-dichloro-
dicobaltoate. Such bridging chloro groups are unknown in the coordina-
tion chemistry of cobalt but are common among the palladium and 
platinum compounds. 
On treatment with water cobalt chloride was released from the 
•Papers I, II, and III of this discussion were published in this Journal in Vol. 
XXI, pp. 271-309, 1947. 
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orange compound and two molecules of water entered, one of which was 
expelled at 100° to yield the oxygen-carrying compound. 
The green compound crystallized from the filtrate from the orange 
material on evaporation. Inasmuch as three cobalt atoms but only two 
molecules of disalicylalethylenediimine entered the orange compound, 
the solution from which the green material crystallized contained the ' 
Schiff's base in excess of the cobalt. It contained also the hydrochloric 
acid liberated in the formation of the orange compound. The green com-
pound contained chloride. Analysis for cobalt, nitrogen, and chloride 
indicated a ratio of Co : N : Cl : : : 1: 3.5 : 4.5. It is probable that the com-
pound contained more than one molecule of disalicylalethylenediimine per 
cobalt atom but its exact nature can only be decided on the basis of further 
work. 
On treatment with water the green compound was converted to 
the oxygen-carrying compound. 
The nature of the purple compound is even more obscure. It was 
obtained only in small amounts and in very impure form. It did not 
yield the oxygen-carrying compound on treatment with water. 
Although th•e nature of the green and purple compounds has not 
been elucidated, the composition of the orange compound is certain and 
the work establishes beyond a doubt that water is essential to the forma-
tion of and present in the oxygen-carrying compound. 
EXPERIMENTAL WORK 
THE REACTION OF DISALICYLALETHYLENEDIIMINE AND COBALT CHLORIDE 
' 
UNDER ANHYDROUS CONDITIONS 
To a solution of 13.4 g. of disalicylalethylenediimine in 500 ml. of hot 
alcohol was added a solution of 6.3 g. of anhydrous cobalt chloride dis-
solved in 100 ml. of hot, absolute alcohol. The solution was boiled for a 
minute while scratching the beaker with a stirring rod. An orange 
precipitate appeared identical in color with the orange precursor observed 
in the preparation of the oxygen-carrying compound. This material was 
filtered off while the solution was still hot, washed with absolute alcohol, 
and dried l,lt 100° in a vaouum. Yield: 3 g. 
The filtrate was heated gently on a hot plate for several minutes. 
A green, crystalline material appeared causing severe bumping. This 
material was filtered off and dried. Yield: 3 g. . 
The filtrate from the green material was boiled gently for about 
ten minutes at which time it began to bump severely. Filtration yielded 
2 g. of dark purple crystals. 
Further evaporation of the filtrate gave a mixture of the green 
and purple compounds. Yield: 1.5 g. 
This reaction and the fractional crystallization were repeated a 
number of times. Prolonged washing of the orange material with absolute 
alcohol did not remove all of the chloride from the compound. The 
fractionation was not as clean cut as could be desired, the orange material 
always being contaminated by some of the green compound. 
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One preparation was made in a modified Zerwitinoff bulb with a 
fritted glass filter attached by a ground glass joint so that the entire 
operation could be conducted in the absence of air. The apparatus was 
flushed out with nitrogen, the two solutions were boiled to expel air, and 
the solutions brought together and the orange precipitate filtered off 
and washed without exposure to air. Both the orange and the green 
compounds were obtained and the possibility is thus excluded that the 
green compound is an oxidized, trivalent cobalt compound. 
The reaction was also run a number of times using the disodium and 
dipotassium salts of disalicylalethylenediimine rather than the Schiff's 
base itself. The salts were obtained by treating alcohol solutions of the 
Schiff's base with the requisite ,amounts of sodium or potassium hydroxide 
and allowing the solution to cool and crystallize. The materials obtained 
were mixtures of the free Schiff's base and its salts owing to hydrolysis. 
When used subsequently the fractionation of the orange, green, and 
purple compounds was complicated by the presence of insoluble sodium 
chloride, potassium carbonate, and tarry materials of unknown composi-
tion. The procedure was thus much less satisfactory than the one described 
above using the Schiff's base. • 
THE ORANGE COMPOUND 
Attempts to recrystallize the orange compound from cellosolve, butyl 
cellosolve, and carbitol led to greenish-black solutions from which neither 
the green nor the orange compound could be crystallized. The orange 
compound, after having been dried at 100° in a vacuum, was placed 
in an atmosphere of oxygen at 200 pounds pressure. It did not gain in 
weight or change in color and thus was shown to be inactive toward 
oxygen. Nor was it hygroscopic. 
On treatment with water the orange material was converted im-
mediately to a cinnamon-colored material capable of repetitively absorb-
ing and releasing oxygen. Undoubtedly this material was identical with 
the original oxygen-carrying compound. The treatment was carried out 
somewhat more carefully by treating a sample of the orange material, 
weighing 0.5113 g., on a Buchner funnel fitted with a double thickness 
of filter paper, with boiling water. The material changed rapidly in color 
to a cinnamon brown and considerable material passed into the filtrate. 
The residue weighed 0.3745 g., a loss in weight of about 26 per cent. This 
is a considerably greater loss than would have been expected knowing the 
approximate solubility of the oxygen-carrying compound. In another . 
experiment a sample of the orange compound weighing 0.3529 g. was 
treated with hot water on a boat, and the water evaporated away. The 
residue was dried in a vacuum at 100° for thirty minutes and was found 
to have gained 3.06 per cent in weight and to then carry 3.14 per cent 
oxygen. After a further period of drying at 100°, the gain in weight was 
reduced to 2.64 per cent and the oxygen-carrying capacity had increased 
to 3.31 per cent. Thus, in this case the compound did not dehydrate as 
readily as the material obtained when the orange material was treated 
on the funnel and a part of the material washed into the filtrate. 
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The orange compound when treated with dilute alkali passed directly 
into the bright red, inactive isomer of the oxygen-carrying compound 
(see Paper III of this series). 
The nitrogen in the orange material was determined by our modified 
Kjeldahl method, that is, the digestion was begun with dilute sulfuric 
acid (1: 1) . Found: 6.78, 6.75 per cent N. 
The cobalt was determined by decomposing a weighed sample by 
digestion with sulfuric acid and nitric acid, expulsion of the nitric acid, 
and potentiometric titration with ferricyanide in ammoniacal, citrate 
solution. Found: 20.92, 21.01, 20.92 per cent Co. 
The chloride in the material was determined by the Thompson-Oakdale 
method (1) . A blank was run and applied. Found: 9.14, 8.65, 9.14 per 
cent Cl. 
These results give an empirical formula of Co0.354N0 .516Cl0 .258 or 
ratios of Co : N : Cl = 3 : 4.37 : 2.18. Owing to some contamina-
tion of the orange compound by the green compound the cobalt 
analysis is probably low and the nitrogen analysis high (see 
below for the composition of the green compound) so that the 
most reasonable ratio is Co : N : Cl = 3 : 4 : 2, corresponding to the 
formula (C16H 140 2N 2Co)2 · CoC12 , mol. wt.: 780, containing 22.6 per cent 
Co, 7.17 per cent N, and 9.10 per cent Cl. 
THE GREEN COMPOUND 
When placed in an atmosphere of oxygen at 200 pounds pressure the 
green compound did not gain in weight or change in color and was thus 
shown to be inactive toward oxygen. On treatment with water the 
green compound was rapidly converted to the cinnamon-colored, oxygen-
carrying compound. This was carried out on a filter and the residue 
washed with water and dried in a vacuum at 100°. The oxygen-carrying 
capacity of the product was 3.3 per cent. 
It was suspected that hydrochloric acid was involved in the forma-
tion of the green compound, the green compound possibly being a hydro-
chloride of the orange. A pellet of the orange compound when dropped 
into concentrated hydrochloric acid immediately turned green, changing 
to the color of a cobalt salt in hydrochloric acid only after a period of 
fifteen minutes. A sample of the orange material was placed in an 
atmosphere of hydrogen chloride generated in the bottom of a large 
beaker by the action of hydrochloric acid on sulfuric acid. In about three 
.hours the mass had turned green, matching the color of the green 
compound. 
The green compound was analyzed for cobalt and nitrogen by the 
methods mentioned above. Found: 14.18, 14.09, i4.22 per cent Co; 12.40, 
12.34 per cent N. The chloride in the compound was determined by 
treating a mixture of the weighed sample with an excess of silver nitrate, 
warming gently, then diluting with a little water, and digesting until clear. 
This was carried out in a large, conical flask the mouth of which was 
closed with a funnel. The solution was diluted to 300 ml., boiled for a few 
OXYGEN-CARRYING COBALT COMPOUNDS 315 
minutes, and the determination completed gravimetrically. Found: 
38.99, 38.58 per cent Cl. 
These analyses give the ratios: Co: N : Cl::: 1: 3.48: 4.57. It is 
difficult to assign a likely formula and constitution to such an empirical 
formula. 
THE PURPLE COMPOUND 
The final stages of the fractional crystallization yielded a purple com-
pound which, like the orange and green compounds, was inactive toward 
oxygen but did not yield a material active toward oxygen on treatment 
with water. It was obviously not very pure. 
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STUDIES ON OXYGEN-CARRYING COBALT COMPOUNDS 
V. DI- (2-HYDROXY-3-NITROBENZAL)-ETHYLENEDIIMINE COBALT. 
3-NITRO CO-OX 
CLIFFORD C . HACH, LAWRENCE M . LIGGETT, AND HARVEY DIEHL 
Department of Chemistry, Iowa State College 
Received March 4, 1947 
Of the very. limited number of substituted salicylaldehydes which 
yielded ethylenediamine-cobalt compounds reversibly active toward 
oxygen, 2-hydroxy-3-nitrobenzaldehyde (3-nitrosalicylaldehyde) was 
found to be especially interesting in that it yielded a cobalt compound 
which absorbed OXYgen more rapidly and which possessed certain chemi-
cal characteristics absent in Co-Ox but characteristic of this class of 
oxygen-carriers in general. 
Salicylaldehyde was nitrated directly in acetic acid with fuming 
nitric acid, which leads to a mixture of the 3-nitro- and 5-nitro- isomers. 
Since a considerable quantity of 2-hydroxy-3-nitrobenzaldehyde was 
needed, the nitration reaction and the subsequent separation of the 3- and 
5-nitro- isomers were studied in detail and the best conditions established 
for the processes. Yields of the combined isomers of 90 per cent were 
secured. The separation was accomplished by the fractional crystalliza-
tion of the sodium salts from water. 
Although 2-hydroxy-5-nitrobenzaldehyde was obtained in pure form, 
2-hydroxy-3-nitrobenzaldehyde was obtained in two crystal forms, possibly 
hydrogen bonding isomers. The chemical identity of the two forms was 
established and it was found that only the high melting form, obtained 
from alcohol as large brown crystals, was capable of producing an 
ethylenediamine-cobalt compound active toward oxygen. 
The Schiff's base, di- (2-hydroxy-3-nitrobenzal)-ethylenediimine, was 
prepared by mixing equivalent amounts of 2-hydroxy-3-nitrobenzaldehyde 
and ethylenediamine in a warm alcohol solution. From the high-melting 
form of 2-hydro:l\y-3-nitrobenzaldehyde a yellow condensation product 
was obtained containing water of crystallization. On drying or heating, 
this yellow material was dehydrated to an orange compound which readily 
rehydrated on exposure to moisture. Recrystallization of this material 
from a high boiling solvent yielded a dark red compound isomeric with 
di- (2-hydroxy-3-nitrobenzal)-ethylenediimine. When the low-melting 
form of 2-hydroxy-3-nitrobenzaldehyde was used, other forms of di- (2-
hydroxy-3-nitrobenzal)-ethylenediirnine were obtained, pink in color, 
which subsequently yielded cobalt compounds inactive toward oxygen. 
Di- (2-hydroxy-3-nitrobenzal)-ethylenediimine cobalt was synthesized 
by several methods and a successful method of preparing a sat~sfactory 
oxygen-carrying material was evolved. Unlike the procedure for the 
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parent oxygen-carrying compound, it was necessary to synthesize this 
oxygen-carrier by the action of an aqueous solution of a cobalt salt on 
the solid Schiff's base since the latter was insoluble in both water and 
alcohol. When prepared in this manner di-(2-hydroxy-3-nitrobenzal)-
ethylenediimine cobalt was obtained as a tan-colored hydrate, inactive 
toward oxygen. One molecule of water per cobalt atom was expelled on 
heating at 120° and the red material left then absorbed one molecule of 
oxygen (02 ) per two cobalt atoms, 3.83 per cent by weight of oxygen. 
The best conditions for effecting this activation (dehydration) were 
determined. 
3-Nitro Co-Ox is very hygroscopic and hydration and oxygenation 
go on as competing ·reactions when the material is exposed to moist 
air or oxygen. The rates at which oxygen is absorbed under various 
conditions of temperature, pressure, and humidity were measured. The 
rate of oxygenation is more or less independent of the temperature and 
is affected somewhat by the moisture content of the air. When the 
moisture content of the air is above one milligram of water per liter 
the competing absorption of oxygen and moisture becomes apparent, 
and the amount of oxygen absorbed decreases as the moisture content 
of the air increases. 
The rate of oxygenation of 3-Nitro Co-Ox is not greatly affected by 
temperature. The temperature range between oxygenation and deoxy-
genation is rather small. The oxygenation-deoxygenation process is quite 
sensitive to pressure variation and accordingly the 3-nitro compound 
might be satisfactory for adiabatic operation (see Paper XIV). 
Di- (2-hydroxy-5-nitrobenzal)-ethylenediimine cobalt did not absorb 
oxygen (see Paper VIII). 
EXPERIMENTAL WORK 
NITRATION OF SALICYLALDEHYDE 
Salicylaldehyde was nitrated by the method of Mazzara (1). Four 500 
g. batches of salicylaldehyde were nitrated in glacial acetic acid with 
different concentrations of nitric acid: 70, 80, 90, and 98 per cent nitric 
acid. Somewhat better yields of combined 3- and 5-nitro isomers were 
obtained using 98 per cent acid but the principal advantage of using the 
stronger acid was found to be the smoothness . with which the reaction 
progressed, the reaction commencing at considerably lower temperature. 
In another series of nitrations the amount of nitric acid used was varied 
from the theoretical amount to a 150 per cent excess. The optimum 
amount was found to be a 50 per cent excess. In another series the amount 
of acetic acid used as solvent was varied from three times to seven times 
the amount of salicylaldehyde nitrated. The optimum was found to be 
about four times the volume of salicylaldehyde. As a result of these 
studies the following procedure is recommended: 
In a 5 1., three-neck fl.ask, equipped with a motor-driven stirrer, a 
dropping funnel, a thermometer, and a vacuum line to carry off the 
fumes, place 2,000 g. of glacial acetic acid and 500 g. of salicylaldehyde. 
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Cool this solution in an ice bath to 25° and then start the slow addition of 
the nitric acid. During the next two and one-half hours add 400 g. of 98 
per cent nitric acid, sp. gr. 1.50. This acid must be added slowly and after 
the first 100 g. has been added the temperature should be reduced to 
below 15° and held below 15° until the addition is complete. After all of 
the acid has been added, remove the solution from the ice bath and allow 
it to warm to about 45°. This will take from one to two hours. When the 
temperature reaches 45°, immediately dilute the material by pouring it 
into 10 1. of water containing 1 1. of cracked ice. Let the mixture stand 
at least five hours, then filter and dry. The yield of mixed aldehydes 
from this procedure should be about 90 per cent. 
SEPARATION OF 2-HYDROXY-3-NITROBENZALDEHYDE FROM 
2-HYDROXY-5-NITROBENZALDEHYDE 
The 3-nitro and 5-nitro isomers were separated by the method of 
Miller (2). To 3 1. of water were added 400 g. of the mixture of 2-hydroxy-
3-m.itro- and 2-hydroxy-5-nitrobenzaldehydes and 100 g. of sodium 
hydroxide. The mixture was heated until everything had dissolved and 
the solution was allowed to cool slowly by standing overnight. The 
crystalline sodium 2-hydroxy-5-nitrobenzaldehyde was filtered off. The 
filtrate was evaporated to approximately one-third its volume and cooled. 
The sodium salt of 2-hydroxy-3-nitrobenzaldehyde then crystallized out. 
The sodium salts of the 3- and 5-nitro isomers were recrystallized from 
water. Both were dissolved in hot water and the solutions acidified with 
hydrochloric acid. The free nitro compounds precipitated out. Each was 
recrystallized from alcohol. M.p. 2-hydroxy-5-nitrobenzaldehyde: 
123-125° ; reported by Miller (2): 126°. M.p. 2-hydroxy-3-nitrobenzal-
dehyde: 85-95°; reported by Miller (2): 109-110°. Repeated recrystal-
lization from alcohol had little effect in improving the melting point of the 
2-hydroxy-3-nitrobenzaldehyde obtained above. The material was re-
crystallized also from dilute acetic acid (1: 3)' but the material still melted 
over a broad range, 85-95°. A quantity of the aldehyde was sublimed 
at 110° at atmospheric pressure; beautiful white needles together with 
fine, white powder were obtained. The needles melted sharply at 107°, 
the powder melted slowly over the range 85-100°. When ground up the 
sublimate melted over the broad range 85-100°. 
The 2-hydroxy-3-nitrobenzaldehyde was distilled under vacuum, the 
entire material distilling at 135-140° / 9 mm. The distillate immediately 
crystallized to a pale yellow solid. When the mass was crushed, clear, 
shiny crystals were found imbedded in a mass of finely crystalline, 
friable material. These crystals when hand-picked from the mixture 
were found to have a melting point of 105°. When the solid was ground, 
it melted slowly over the range 85-109°. 
The 2-hydroxy-3-nitrobenzaldehyde was then subjected to steam 
distillation. The quantity of aldehyde carried over with the steam was 
rather small, 1.5 g. per liter of distillate. The distilled 2-hydroxy-3~nitro-
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benzaldehyde crystallized in the distillate as a fine , nearly white powder, 
m.p. : 85-105°. 
It was concluded that the low-melting material was not an oxidation 
product of 2-hydroxy-3-nitrobenzaldehyde but 2-hydro"xy-3-nitrobenzal-
dehyde itself. Sublimation, sublimation in oxygen, sublimation in vacuum, 
steam distillation, and rapid recrystallization from alcohol did not effect 
a purification. Powdered material appeared to always have a low melting 
point. The high and low melting forms are apparently two crystal modi-
fications of 2-hydroxy-3-nitrobenzaldehyde, possibly hydrogen bonding 
isomers. In any case it was believed that the solubility of the two forms 
should differ and because of the low energy involved in the interconver-
sion of one to the other that the least soluble one should be formed almost 
exclusively if the crystallization were sufficiently slowly carried out. 
A solution of 2-hydroxy-3-nitrobenzaldehyde in boiling alcohol was 
prepared. Water was added to the warm alcohol solution until precipita-
tion of the 2-hydroxy-3-nitrobenzaldehyde just began. The mixture was 
then heated to boiling and the small amount of precipitate redissolved. 
The solution was then transferred to a thermos bottle and allowed to 
stand until cool. Approximately twenty-four hours was required for the 
solution to become cool during which time 2-hydroxy-3-nitrobenzaldehyde 
crystallized in the form of large, tan crystals. These crystals, when taken 
individually or when ground, had a melting point of 108.5-109.9°. 
The material purified in this manner was satisfactory for subsequent 
work as described below. 
DI- (2-HYDROXY-3-NITROBENZAL)-ETHYLENEDIIMINE 
This Schiff's base was obtained on treating an alcohol solution of 
2-hydroxy-3-nitrobenzaldehyde with an equivalent amount of ethylene-
diamine. Depending on the conditions, a yellow or orange precipitate was 
obtained. The yellow material passed over to the orange form when 
dried or heated to 100°. When the orange form was placed in a moist 
atmosphere at room temperature, it passed over to the yellow form. 
Using 2-hydroxy-3-nitrobenzaldehyde having a low melting point, 
80-105°, Schiff's bases were obtained which were pink to yellow in color, 
which did not give the orange, anhydrous form mentioned above on 
drying, and which did not yield satisfactory oxygen-carrying cobalt 
compounds. 
Recrystallization of this Schiff's base from butyl cellosolve, the 
only solvent found in which it is appreciably soluble, gave a very deep 
red, finely crystalline material. · 
DI- (2-HYDROXY-3-NITROBENZAL)-ETHYLENEDIIMINE COBALT 
The conventional methods of preparing cobalt derivatives of the 
Schiff's bases of ethylenediamine were found to be inapplicable to the 
preparation of di- (2-hydroxy-3-nitrobenzal)-ethylenediimine cobalt owing 
to the insolubility of di-(2-hydroxy-3-nitrobenzal)-ethylenediimine or its 
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sodium salt in all of the common solvents. However, the reaction of a 
solution of a cobalt salt with an aqueous suspension of di- (2-hydroxy-3-
nitrobenzal)-ethylenediimine took place completely, if slowly, and a satis-
factory cobalt derivative was prepared. The procedure recommended for 
the preparation of di- (2-hydroxy-3-nitrobenzal)-ethylenediimine cobalt 
follows. 
Dissolve 2 moles of 2-hydroxy-3-nitrobenzaldehyde (m.p.: 108-110° ) 
in 1.51. of hot 95 per cent alcohol. Without delay add to this solution 1 mole 
of ethylenediamine. Filter off the orange-yellow precipitate. Mix the 
Schiff's base without drying into 10 1. of hot water. Add 2 moles of 
sodium hydroxide and 2 moles of sodium acetate dissolved in 11. of water. 
To the resulting mixture add 2 moles of cobalt chloride, CoC12 · 6H20 , 
dissolved in 1 1. of water, Digest the mixture on a steam bath for six to 
eight hours. A fine , tan precipitate forms as the reaction progresses. 
Filter and dry the material at 100°. Activate the dried compound either 
in a vacu\:un oven at 120° or under infra-red lamps. The material turns 
brick red in color and is then active toward oxygen. Theoretical oxygen 
capacity: 3.86 per cent. 
Cobalt acetate may be used in place of the cobalt salt and sodium 
acetate used above. 
The excess cobalt in the filtrate from the above preparation may 
be recovered by the addition of sodium carbonate and subsequent filtra-
tion and ignition of the precipitate to the oxide. 
It was concluded from the results of numerous preparations using 
2-hydroxy-3-nitrobenzaldehyde melting over the range 85-107° that the 
lower the melting point of the aldehyde, the lower the oxygen-carrying 
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Theoretical capacity: 3.83 per cent 
ACTIVATION OF 3-NITRO CO-OX 
Di- (2-hydroxy-3-nitrobenzal)-ethylenediimine cobalt is first ob-
tained in the form of a hydrate which is inactive toward oxygen. The loss 
of water upon drying is gradual and there seems to be no definite tempera-
ture at which the hydrate begins to decompose. The compound may be 
activated in air at a temperature of 125-130°. At this temperature no 
apparent decomposition results but the rate of activation is not rapid, 
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about twenty-four hours being required. Under a vacuum the activation 
may be carried out at a somewhat lower temperature although only 
very slowly at 90-95°. At 120- 125° under a high vacuum the rate of 
activation is rapid. The material can even be activated at room tempera-
ture in a vacuum desiccator over phosphorus pentoxide; this requires 
several days, however, and the oxygen-carrying capacity only reaches 2 
per cent. 
THE RATE OF OXYGENATION OF DI- (2-HYDROXY-3-NITROBENZAL)-
ETHYLENEDIIMINE COBALT 
A number of the earlier determinations of the rate of oxygenation 
of di-(2-hydroxy-3-nitrobenzal)-ethylenediimine cobalt were made by 
measuring the increase in weight of a glass stoppered U-tube containing 
the compound on the passage of air or oxYgen through the tube. This 
method was quite satisfactory, although the compound often plugged 
the glass wool filters and thus prevented adequate gas flow through the 
U-tube. The oxygenation rates were determinated at various tempera-
tures by placing the U-tube in a water bath at the temperature desired. 
The glass stoppered U-tubes used in these rate determinations had a 
diameter of about 1 cm. The temperature of the compound was probably 
not maintained very constant during these determinations since no 
provision was made for controlling the temperature of the gas moving 
through the compound and since the temperature of the bath was often 
quite removed from room temperature. This method was also very time 
consuming. 
It was found that di- (2-hydroxy-3-nitrobenzal)-ethylenediimine 
cobalt absorbed water as well as oxygen if the air or oxygen used was 
not thoroughly dried. Therefore a study was made to determine the 
correlation between the quantity of water present in the gas and the rate 
of oxygenation, the oxygen pressure, and temperature being held constant. 
The humidity of the in-going gas was adjusted by passing the gas through 
sulfuric acid solutions of various concentrations or through suitable 
saturated salt solutions. The gain in weight of the U-tube wa~ measured 
and the oxygen evolved and its volume determined. The weight of oxygen 
absorbed was then calculated and this weight of oxygen subtracted from 
the gain in weight of the U-tube. The difference in weight was then equal 
to the weight of water absorbed. The rate of absorption of water was 
assumed to be linear during the period of oxygenation, the rate of absorp-
tion of water per minute was calculated, and this value was applied as a 
correction to the weight of the U-tube at each interval during the 
oxygenation. There was thus obtained the rate of oxygenation plus hydra-
tion and the rate of oxygenation alone. Although this method may not 
be absolutely correct since the absorption of water may not have been 
linear, it is felt that any error involved could only be very small. 
The data obtained for the rate of oxygenation plus hydration and 
the rate of OxYgenation alone at atmospheric pressure and room tempera-
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Fie. 1. Rate of oxygenation of 3-Nitro Co-Ox. A , Dry oxygen (Mg(ClO,),), 25°, 
688 mm. Hg.; B, oxygenation; and C, oxygenation plus hydration at 5 per cent relative 
humidity, 24°, 695 mm. Hg. 
ture at relative humidities of 0, 5, 10, and 56 per cent are shown in Figures 
1, 2, and 3. A saturated zinc chloride solution was used to adjust the 
humidity of the oxygen to 10 per cent; sulfuric acid of sp. gr. 1.67 was 
used to adjust the humidity of the oxygen to 5 per cent; the atmosphere 
as used directly had a humidity of 56 per cent. 
The gravimetric method, described above, for determining the rate 
of oxygenation of the compounds under study was rather tedious to carry 
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Fie. 2. Rate of oxygenation of 3-Nitro Co-Ox. A, oxygenation, and B, oxygena-
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FIG. 3. Rat.e of oxygenation of 3-Nitro Co-Ox. A, Dry air (Mg (ClO,) ,) , 25°, 700 
mm. Hg.; B, oxygenation; and C, oxygenation plus hydration at 56 per cent relative 
humidity, 25°, 737 mm. Hg. 
Paper XIII, Method F, was used for determining the rate of oxygenation 
at various temperatures, 24°, 55°, 70-72°, 76-77°, and 87°. The results 
are shown graphically in Figure 4. The rate of oxygenation of 
3-Nitro Co-Ox changed only slightly with temperature. This is particu-
larly interesting since the rate of oxygenation of the parent, oxygen-
carrying compound varies greatly with temperature. 
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FIG. 4. Rate of oxygenation of 3-Nitro Co-Ox at various temperatures in pure 
dry oxygen, 736 mm. Hg. 
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the oxygen pressure, approaching the theoretical, oxygen-carrying 
capacity at the higher pressures. 
Even when deoxygenated di- (2-hydroxy-3-nitrobenzal) -ethylene-
diimine cobalt was placed in an oxygen atmosphere at 200 pounds 
pressure, it did not quickly become entirely saturated with oxygen. 
Approximately thirty minutes was required for the last few tenths per 
cent of oxygen to be absorbed. However, when the compound was 
saturated with oxygen at 200 pounds pressure it did not lose oxygen 
when the oxygen pressure was released. 
The role that water plays in the rate of oxygenation of di- (2-hydroxy-
3-nitrobenzal) -ethylenediimine cobalt is not entirely clear. Apparently 
the rate of oxygenation is slightly faster in air or oxygen containing a 
small amount of water, that is, at relative humidities of 10 per cent or 
less. At the same time the compound is rendered inactive by the absorp-
tion of water. The deoxygenated compound upon absorption of water 
immediately turns yellow. 
THE ABSORPTION OF MOISTURE AND OF OXYGEN BY DI-(2-HYDROXY-
3-NITROBENZAL)-ETHYLENEDIIMINE COBALT 
A series of weighed samples of the activated di- (2-hydroxy-3-nitro-
benzal) -ethylenediimine cobalt were exposed to air at various humidities 
and allowed to come to equilibrium with oxygen and water. The moisture 
content of the air ranged from 0.2 mg. per liter, secured by using the 
proper concentration of sulfuric acid in a desiccator. At the end of 
seventy-two hours each sample was weighed, then deoxygenated and 
dehydrated in an electrically heated tube at 130° through which was 
passed a stream of dry nitrogen. The moisture evolved was collected in 
a U-tube filled with magnesium perchlorate. The sample was then cooled 
in a vacuum desiccator and weighed. The total loss in weight was the 
sum of the oxygen and moisture absorbed. From the weight gained by 
the U-tube and the total loss in weight, the amount of moisture and the 
amount of oxygen absorbed at each humidity was calculated. The results 
are summarized in Table 1. 
It is apparent that the absorption of oxygen decreases markedly with 
TABLE 1 
COMPETING ABSORPTION OF OXYGEN AND w ATER FROM MOIST AIR BY 3-NITRO Co-Ox 
Sulfuric Acid Concentration Water Content Oxygen Water 
of Air, Absorbed, Absorbed, 
Density Percentage Mg. per liter Percentage Percentage 
1 . 299 39 .6 25 . 4 1. 93 1.98 
1 . 450 55.5 11 . 4 2.16 1 . 40 
1 . 521 62 . 1 6.4 • • 
1 . 629 71. 6 1 . 7 2.6 0 .6 
1. 740 81:2 0 . 24 2.85 0.3 
• Sample was lost during the course of the run. 
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increasing water content in the air. From a comparison with the corre-
sponding data for 3-Methovy Co-Ox (Paper VI of this series) it is evident 
that the effect of moisture on the 3-nitro compound is much less. However, 
because of this competing absorption of water and oxygen, the air em-
ployed to oxygenate the compound when used for production of oxygen 
should be thoroughly dried. 
In every case upon deoxygenation and dehydration at 130° the 
samples returned to their original weight showing that all of the moisture 
had been removed at this temperature. The possibility of entirely remov-
ing absorbed moisture at a much lower temperature has not as yet been 
definitely ascertained. 
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VI. DI- (2-HYDROXY-3-METHOXYBENZAL)-ETHYLENEDIIMINE COBALT. 
3-METHOXY CO-OX 
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The compound di- (2-hydroxy-3-methoxybenzal)-ethylenediimine 
cobalt, similar in constitution to disalicylalethylenediimine cobalt 
(Co-Ox) but derived from 3-methoxysalicylaldehyde rather than sali-
cylaldehyde, was found to behave as an oxygen carrier but to absorb 
oxygen at a rate considerably greater than that of the parent compound. 
This material has been designated as 3-Methoxy Co-Ox. 
The rapid rate of oxygenation of this material at atmospheric pres-
sure in dry air gives it a signal advantage over other compounds investi-
gated. It makes possible a considerable reduction in the time required 
per cycle of oxygenation and deoxygenation, and it eliminates the need 
for high pressure air and correspondingly heavier apparatus. These 
advantages are partially offset, however, by the need of refrigeration for 
oxygenation since the temperature at which .the oxygenation rate is a 
maximum is near 0° . When first produced di-(2-hydroxy-3-methoxyben-
zal)-ethylenediimine cobalt separates as a hydrate, yellow in color and in 
silky micro crystals. On heating to 170° in a vacuum this hydrate, which 
is inactive toward oxygen, loses one molecule of water per cobalt atom 
and becomes maroon in color. It is then capable of absorbing one mole-
cule of oxygen per two cobalt atoms, turning black in the process. 
The deoxygenated form of the material is paramagnetic; the oxygen-
ated form is weakly diamagnetic. 
PREPARATION 
3-Methoxy Co-Ox can be prepared by a variety of methods but not 
all are. of equal merit. For the laboratory preparation of relatively small 
lots, the direct mixing of the exact amounts of the three reactants, 
2-hydroxy-3-methoxybenzaldehyde, ethylenediamine, and cobalt acetate, 
in an aqueous-alcohol medium was found best. Conditions were arranged 
so that the final solution was 50 to 60 per cent alcohol. Although the 
yield by this procedure was only about 60 per cent, the oxygen-carrying 
capacity of the product was consistently close to the theoretical 4.15 per 
cent. 
Attempts were made to reduce the amount of alcohol used. With 
only enough alcohol to dissolve the aldehyde and with vigorous stirring 
and sufficient digestion at 80°, a satisfactory product was obtained. The 
[326] 
OXYGEN-CARRYING COBALT COMPOUNDS 327 
material was difficult to filter, however, and although the yield was 90 
per cent, the oxygen-carrying capacity of the product was somewhat low, 
about 4.0 per cent. The product obtained was conta,rriinated with some 
unreacted Schiff's base which distilled out slowly during activation. 
The best method found for the large scale preparation of 3-Methoxy 
Co-Ox involved the preliminary preparation of the Schiff's base in about 
50 per cent alcohol. Without isolating the Schiff's base, it was dissolved 
by the addition of a hot, sodium hydroxide solution and the cobalt 
derivative was precipitated by the addition of a solution of the cobalt 
salt buffered with acetic acid and sodium acetate, the final concentration 
of alcohol being about 25 per cent. Several attempts were made to elimi-
nate all or most of the alcohol by precipitating the Schiff's base frorn a 
very dilute solution of ethylenediamine in water. It was found, however, 
that the large particles of the Schiff's base formed in this manner were 
difficult to dissolve in the hot caustic solution. When the Schiff's base 
was precipitated from dilute alcohol the particle size of the material 
was such that it dissolved immediately upon the addition of the hot sodium 
hydroxide solution. The minimum alcohol concentration for this step 
was found to be about 50 per cent. This was obtained by adding an alcohol 
solution of the aldehyde to a hot solution of ethylenediamine dissolved 
in water. The product so obtained was readily filtered and no appreciable 
difficulty was experienced in filtering the material after reslurrying with 
warm water. Occasionally, however, it was found necessary to add a 
small amount of alcohol to the wash solution in order to minimize peptiza-
tion which rendered the final filtration difficult. The yields by this method 
of preparation were 85 to 90 per cent. Upon activation the material 
prepared in this manner carried 4.1 per cent oxygen. This method is 
recommended for the large scale preparation of 3-Methoxy Co-Ox and 
the directions are reproduced in detail below. 
A number of attempts were made to prepare 3-Methoxy Co-Ox by 
the direct interaction of a suspension of the Schiff's base and a solution of 
a cobalt salt. The finely pulverized Schiff's base was digested with a 
solution of a cobalt salt on a steam bath with continuous, mechanical 
agitation for periods up to twelve hours. The compound obtained was 
then filtered or centrifuged, dried, and activated. The oxygen-carrying 
capacity of the final product approached the theoretical value of 4.15 per 
cent provided a sufficient period of digestion were allowed but in general 
the method was not highly satisfactory. In the case of 3-Nitro Co-Ox 
(see Paper V) this is the only method by which an active cobalt compound 
can be prepared. 
3-Methoxy Co-Ox was also made from the sodium salt of 3-methoxy-
salicylaldehyde by reaction with a cobalt salt and ethylenediamine. The 
precipitate was difficult to filter although the final product had practically 
the -theoretical oxygen-carrying capacity. The parent material, Co-Ox, 
cannot be prepared by this method. 
When di- (2-hydroxy-3-methoxybenzal)-ethylenediimine cobalt was 
formed in the presence of pyridine it crystallized with one molecule of 
• 
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pyridine per cobalt atom rather than as the hydrate discussed above. 
The pyridinate was stable toward drying at 100° and was inactive toward 
oxygen. The pyridine was expelled on heating at 170° in a vacuum, just 
as was the water from the hydrate, and the residual material was also 
active toward oxygen. As a method of preparation, however, preliminary 
preparation of the pyridinate was found to be unsatisfactory as the 
oxygen-carrying capacity of the product in no instance among a number 
of preparations exceeded 2.2 per cent. 
HYGROSCOPIC CHARACTER 
Both the deoxygenated and the oxygenated forms of di- (2-hydroxy-
3-methoxy )-benzalethylenediimine cobalt were found to be very hygro-
scopic. It was hoped that the compound in the active state would absorb 
oxygen to its theoretical capacity even though it absorbed moisture at 
the same time and that the oxygen absorption might be reversible and 
undiminished. If true it might eliminate the necessity for thoroughly 
drying the air to be used in the oxygenation cycle. This hope was chimeri-
cal, however. 
Both forms absorbed about 15 per cent of water on exposure to air 
saturated with moisture at room temperature. On subsequently heating 
the oxygenated form to 100° the major portion of this water was elimi-
nated, a residual amount, about 2.3 per cent, apparently having no effect 
on the oxygen-carrying capacity. On subsequently warming the de-
oxygenated form a change in color from red to orange occurred corre-
sponding to the formation of an inactive hydrated form; concurrently 
the oxygen-carrying capacity decreased markedly, disappearing com-
pletely if sufficient water was present. All of the forms were reactivated 
when heated to 170° in a vacuum. 
The relative amounts of water and oxygen absorbed by the de-
oxygenated compound on exposure to air of different moisture contents 
was determined. The water content of the air must be reduced to at least 
0.1 mg. per liter to avoid serious absorption of water by the compound 
during use. 
RATE OF OXYGENATION 
The rate of oxygenation of 3-Methoxy Co-Ox at various temperatures 
in a stream of dry air at various temperatures was determined by the 
gravimetric method described in the experimental work given below. 
The material oxygenated very slowly in air at 25°, about fifteen hours 
being required for saturation; it is doubtful if the theoretical capacity wa·s 
ever reached under atmospheric pressure at this temper~ture. In pure 
oxygen at this temperature the compound became completely saturated. 
The rate of oxygenation using dry air increased remarkably as the tem-
perature was lowered below 25°. At 0° complete saturation was reached 
in about ten minutes. This compares favorably with the rate obtained 
when pure oxygen was used at 25°. At a temperature of - 70°, the rate 
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was very much slower than at 0°. Even at this low temperature the rate 
was still somewhat greater than at room temperature. · 
The temperature of optimum rate of oxygenation was in the range 
between 12° and -10°. 
The rate of oxygenation of di- (2-hydroxy-3-methoxybenzal)-ethyl-
enediimine was considerably greater than that of the parent compound, 
Co-Ox, (Paper III) , but somewhat slower than that of 3-Nitro Co-Ox 
(Paper V) . It was deoxygenated at a lower temperature than either 
of the other compounds, however; at 55° it was completely deoxygenated 
at atmospheric pressure. 
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Frc. 1. Rate of oxygenation of 3-Methoxy Co-Ox at various temperatures. Curve 
1: oxygen at 25°; 2: air at -70°; 3: air at -10°; 4: air at 0°; 5: air at 
12°; 6: air at 25 °. 
RATE OF DETERIORATION 
The rate at which di-(2-hydroxy-3-methoxybenzalf-ethylenediimine 
cobalt deteriorated was determined using a stationa:ry bed of material 
heated and cooled between 100° and 15°. The rate of deterioration was 
more rapid at the beginning than toward the end of the study. After 
2,700 cycles of oxygenation and deoxygenation, the oxygen-carrying 
capacity of the material had fallen from 4.15 to 0.78 per cent. After 
reactivation, however, the oxygen-carrying capacity was 2.2 per cent, 
showing that part of the apparent deterioration was due to the absorption 
of water. The true deterioration then was about 50 per cent of the oxygen-
carrying capacity of the compound in 2,700 cycles. 
EXPERIMENTAL WORK 
DI- (2-HYDROXY-3-METHOXYBENZAL) -ETHYLENEDIIMINE 
The condensation of ethylenediamine and 2-hydroxy-3-methoxy-
benzaldehyde was best carried out in an alcohol medium from which 
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the Schiff's base precipitated as a bright yellow, crystalline material. 
The condensation was also effected in water solution but the product 
tended to form large lumps which dissolved very slowly when later 
treated with sodium hydroxide (the first operation in the formation of 
the cobalt derivative). The Schiff's base was recrystallized from hot, 
absolute alcohol and from ether; m.p.: 161°. Recrystallization was not 
necessary for the preparation of a satisfactory oxygen-carrying cobalt de-
rivative. Indeed, in the procedure recommended for the ·large scale 
preparation of 3-Methoxy Co-Ox, the Schiff's base after being formed 
was not filtered off but dissolved in alkali and used directly. 
The nitrogen in this base was determined by the Kjeldahl method 
beginning the digestion with dilute sulfuric acid (1 : 2) . Found: 8.35, 
8.36, 8.29, 8.33, 8.34 per cent N; calculated for C, 8H200 4N4 : 8.53 per cent 
N, for C1 sH2o0 4N4 · %H20: 8.31 per cent N. 
DI- (2-HYDROXY-3-METHOXYBENZAL)-ETHYLENEDIIMINE COBALT 
(3-METHOXY co-ox) 
Recommended Procedure for Small Scale Laboratory Preparation. 
To 4.4 g. of a 68.7 per cent solution of ethylenediamine (0.05 mole) 
dissolved in 50 ml. of 95 per cent ethyl alcohol add 12.45 g. of cobalt 
acetate, Co (C2H 30 2}2 · 4H20 (0.05 mole) dissolved in 200 ml. of 50 per 
cent ethyl alcohol warmed to 60° . To this solution add 15.2 g. (0.10 mole) of 
2-hydroxy-3-methoxybenzaldehyde (Monsanto Chemical Company, m.p.: 
42°) diss• lved in 100 ml. of 70 per cent ethyl alcohol. A clear brown 
solution results and in about a minute a silky, light brown precipitate 
forms. After thirty minutes filter the precipitate on a Buchner funnel, 
wash with 50 ml. of cold 50 per cent ethyl alcohol and dry in a ~acuum 
at 100° for two hours. Pulverize the material and dry it further at 100° 
in a vacuum. Finally activate the yellow hydrate by heating it to 170° 
in a vacuum for two hours. The product is maroon in color and very 
hygroscopic. Yield: 60 per cent; oxygen-carrying capacity: 4.15 per cent. 
Recommended Procedure for the Large Scale Preparation of 3-
Methoxy Co-Ox. In a 20-gallon crock heat 16 1. of water to boiling and 
dissolve in it 0.95 J. of 68.5 per cent ethylenediamine. In another crock 
heat 8 1. of alcohol to boiling and dissolve in it 2.66 1. of 2-hydroxy-3-
methoxybenzaldehyde. Add this hot solution of the aldehyde to the 
diamine solution and stir thoroughly. In another crock heat 4 1. of water 
to boiling and dissolve in it 0.82 kg. of sodium hydroxide and 0.41 kg. of 
sodium acetate. Add this solution to the crock containing the Schiff's 
base and stir thoroughly until all the crystalline material has dissolved. 
In another crock heat 8 1. of water and 0.4 1. of acetic acid to boiling and 
dissolve in the solution 2.5 kg. of cobalt chloride. Add this hot cobalt 
solution to the solution of the sodium salt of the condensation product 
and stir vigorously for fifteen minutes. Then allow the mat~rial to stand 
at least one hour before filtering. Return the filtered material to the 
original crock and mix thoroughly with 40 1. of water. Filter, and repeat 
the washing process. Suck the material as dry as possible on the funnel. 
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Place the mass in a drying oven so arranged that a stream of warm air 
sweeps over the compound. Dry at a final temperature of 110°. After 
the material is completely dry throughout the mass, grind up the chunks 
in a burr mill. Activate the material in a rotating drum surrounded 
by an electrically heated oven at 170-180°. Yield: 85 to 90 per cent; 
oxygen-carrying capacity: 4.1 per cent. 
COMPOSITION OF 3-METHOXY CO-OX 
A sample of di- (2-hydroxy-3-methoxybenzal)-ethylenediimine cobalt 
was carefully prepared by the direct mixing of the reactants in alcohol, 
by the procedure described above. The yellow, hydrated product was 
dried in a vacuum at 100°. It was then heated at 170° in a vacuum and 
the loss in weight determined to be 4.5 per cent. The theoretical loss in 
weight for the expulsion of one molecule of water from the mono-
hydrate is 4.47 per cent, from a sesquihydrate: 4.37 per cent. 
The cobalt in both the hydrate and the activated, oxygenated material 
was determined by decomposing the weighed sample by digestion with 
nitric acid and sulfuric acid, evaporation to fumes of sulfuric acid, and 
titration with ferricyanide in ammoniacal tartrate solution. Found for 
the yellow, hydrated material: 14.21, 14.12 per cent Co; theoretical for 
C18H 180 4N2Co·H20: 14.61 per cent Co, for C18H 180 4N2Co ·ll/2H20 : 14.30 
per cent Co. Found for the activated, deoxygenated material: 14.78, 14.82, 
14.83, 14.80, 14.74, 14.80 per cent Co; theoretical for C18H 180 4N2Co,anhy.: 
15.30 per cent Co, for C1 sH1 ~04N2Co · %H20 : 14.95 per cent Co. 
The nitrogen was determined by the Kjeldahl method starting with 
dilute sulfuric acid. Found on activated, deoxygenated material 6.93, 6.41, 
6.84, 6.75, 6.60, 6.61, 6.69 per cent N; theoretical for C18H1804N~Co,~nhy.: 
7..27 per .cent Co; for C18H1 0 4N2Co · %H20: 7.11 per cent Co. 
ABSORPTION OF MO;J:STURE BY 3-METHOXY CO-OX 
Weighed samples of both oxygenated and deoxygenated di- (2-
hydroxy-3-methoxybenzal) -ethylenediimine cobalt were placed in a tube 
through which air saturated with water vapor at 30° was drawn. The 
oxygenated material gained from 15 to 20 per cent in weight depending 
on the time, ten to twenty-four hours, owing to the absorption of water. 
Upon heating at 100° in a vacuum most of this water was expelled but 
about 2.3 per cent rem<!ined. The residual material absorbed and released 
the same quantity of oxygen as before the absorption of water. This 
residual water was expelled completely at 170° in a vacuum without 
alteration in the oxygen-carrying capacity of the material. 
In the case of the deoxygenated material the effect was quite different. 
A sample of the deoxygenated material which had been shown previously 
to carry the theoretical amount of oxygen, 4.15 per cent, upon exposure 
to air saturated with water vapor increased in weight to 15 per cent: 
no appreciable change in color occurred. This material, after h,aving 
332 H. DIEHL AND L. M. LIGGETT 
absorbed 15 per cent water, was placed in an atmosphere of pure oxygen 
at 175 pounds pressure; it absorbed only 1.9 per cent oxygen. When then 
heated to 100° in a vacuum it retained about 2 per cent of water (the 
oxygen being expelled) and the subsequent oxygen-carrying capacity 
was only 2.9 per cent. This material was completely reactivated when 
heated in a vacuum to 170°. 
The failure of the deoxygenated material to change color upon the 
absorption of even 15 per cent of water on exposure to moist air is 
interesting. In a number of instances a change was observed when the 
material was heated somewhat above room temperature, the color 
changing from the reddish brown of the deoxygenated material to the 
yellow color of. the hydrate. It appeared that a definite chemical reaction 
took place somewhat above 60° to form the inactive hydrate. 
In another series of experiments, samples of active, deoxygenated 
di- (2-hydroxy-3-methoxybenzal)-ethylenediimine cobalt were exposed to 
air of various moisture contents and the amounts of oxygen and of water 
absorbed determined. The oxygen-carrying capacity of the compound 
used was 4.1 per cent. Samples of about 2 g. were weighed into identical 
nickel boats, deoxygenated at 170° in a vacuum for fifteen minutes, cooled 
in an evacuated desiccator, then quickly weighed and placed in desiccators 
of the same size containing suitable concentrations of sulfuric acid to 
adjust the moisture content of the air. The concentrations of sulfuric acid 
were determined by specific gravity measurements using a pyknometer. 
The moisture content of these solutions was calculated in mg. of water 
per liter, from vapor pressure data for sulfuric acid solutions taken from 
International Critical Tables, Vol. III, p. 303. The samples were left in 
the desiccators sixty hours. The total gain in weight-that is, the sum 
of the oxygen and the water absorbed-was measured and the water 
present was determined by beating the samples in an electrically heated 
tube to 170° with a stream of dry nitrogen flowing through the· tube to 
sweep the water into a weighed U-tube containing anhydrous magnesium 
perchlorate. The data is summarized in Table 1. 
From these experiments it was evident that if 3-Methoxy Co-Ox was 
to be employed for the production of oxygen from air, the moisture in 
TABLE 1 
COMPETING ABSORPTION OF OXYGEN AND WATER FROM Mo1sT AIR BY 3-METHOXY Co-Ox 
Sulfuric Acid Concentration Water Content Oxygen Water 
of Air, Absorbed, Absorbed, 
Density Percentage Mg. per liter Percentage Percentage 
............... . . . . . . . . . . . . . . 30 . 2 . . . . . . . . . . . . ... . 15 
1 .299 39 .6 25.4 0 .5 10.6 
1. 450 55 .5 11. 4 0.96 4.0 
1 . 521 62 .1 6 .4 2 .5 2 .7 
1 .629 71.6 1. 7 2.68 2 . 1 
1 . 740 81 .2 0 .24 2.70 0 .3 
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the air used for the oxygenation must be reduced to below 0.2 milligrams 
of water per liter of air. This can be done readily by employing potassium 
hydroxide as the drying agent. 
As a further proof that the hydrate is actually formed when moisture 
is absorbed and the material heated, about 20 g. of deoxyge,nated 
di- (2-hydroxy-3-methoxybenzal)-ethylenediimine cobalt was placed in 
a 600 ml. beaker and covered with 250 ml. of distilled water. The mixture 
was stirred and heated gradually to 90°, and then allowed to digest on a 
steam plate overnight. The color of the material changed from reddish 
brown to the familiar yellow colo; of the hydrate. The material was 
filtered on a Buchner funnel and dried in a vacuum at 100° for twelve 
hours. A portion of this material was pulverized and a weighed sample 
activated at 170° under a vacuum. The loss in weight upon activation was 
4.65 per cent: theoretical for one molecule of water per cobalt atom: 4.68 
per cent. 
RATE OF OXYGENATION OF 3-METHOXY CO-OX 
The method employed ip the determination of the rate of oxygenation 
consisted in placing a sample of material in a U-tube, packed well with 
glass wool to prevent loss of compound, and then oxygenating the sample 
by passing a rapid stream of air through the tube and observing the gain 
in weight. The compound was deoxygenated by placing the U-tube in a 
beaker of hot water and passing a slow stream of nitrogen through the 
tube. Rates of oxygenation at various temperatures were obtained by 
placing the U-tube in a liquid bath at the desired temperature and passing 
dry air through the tube. The temperature of - 70° was obtained by using 
a bath of chloroform and pieces of solid carbon dioxide. 
The results of the various rate measurements are shown graphically 
in Figure 1. Measurements of the rate of oxygenation of 3-Methoxy Co-Ox 
in pure oxygen are reported in Paper XII, Figure 2. 
RATE OF DETERIORATION OF 3-METHOXY CO- OX 
About 40 g. of powdered 3-Methoxy Co-Ox was placed in a brass tube 
1.2 cm. in diameter and 70 cm. long, fitted with a jacket through which 
cold water or steam could be passed. With cooling water at 10° to 15° in 
the jacket the material was oxygenated by the passage through the tube 
of a slow stream of air, about 3 liters per minute, the pressure of the 
entering air and the exit air being 80 and 20 pounds per square inch 
gauge, respectively. The air used was thoroughly dried by passage 
through a mechanical water trap, a drying tower of potassium hydroxide 
and a tower of anhydrous magnesium perchlorate. About six minutes was 
required for oxygenation after which the cooling water was drained from 
the jacket and steam at atmospheric pressure admitted to effect the 
deoxygenation. The deoxygenation was carried out with the air stream 
stopped and the tube open to the atmosphere. The entire mechanism was 
operated mechanically by a suitable timing device. 
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The capacity of the material was determined at intervals by removing 
a portion of the compound from the tube. This sample was deoxygenated 
by heating to 100° in a vacuum and its oxygen-carrying capacity deter-
mined. The rate of deterioration is shown in Table 2. 
TABLE 2 
RATE OF D ETERIORATION OF 3-METHOXY Co-Ox 
Number of Cycles 
0 .. ... . . . . . . ... . . . . . 
_336 .. ... . . . • .. . . • ... . . 
1,645 .... . . . . ..... . .... . 
2 , 700 . . . .. .. . .. ... .. . . . . 
Capacity, Percentage 
4 . 15 
3.71 
2 . 18 
1 . 84 
Rate of Deterioration, 
Percentage of Original 




The deterioration proceeded much more rapidly at the beginning 
of the test. Like the parent oxygen-carrying compound, 3-Methoxy 
Co-Ox is an excellent heat insulator. It may have been that with a tube 
of. the size used in this test that only the outside layer of the material 
was fully heated and cooled. during the cycle. If this were the case it 
might be reasonably expected that the outside layer would deteriorate 
more rapidly and after rather complete deterioration would protect the 
inner layers of the material from heat changes to such an extent that 
the rate of deterioration would become much slower. 
After the final capacity test the entire remaining material was heated 
to 170° in a vacuum. Its oxygen-carrying capacity was then 2.2 per cent. 
It appeared, therefore, that hydration had taken place in some way. 
Since the air was dried over anhydrous magnesium perchlorate, the more 
reasonable source of this moisture is the combustion of the organic portion 
of the molecule. 
STUDIES ON OXYGEN-CARRYING COBALT COMPOUNDS 
VII. DI- (2-HYDROXY-3-ETHOXYBENZAL)-ETHYLENEDIIMINE COBALT 
AND HIGHER 3-ALKOXY ANALOGUES. 3-ETHOXY 
CO-OX AND CO-OX SS 
HARVEY DIEHL, RICHARD J. BROUNS, GEORGE C. HARRISON, AND LAW~ENCE M. LIGGETr 
Department of Chemistry, Iowa State College 
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In Paper VI of this series it was reported that di- (2-hydroxy-3-
methoxybenzal) -ethy lenediimine cobalt, 3-Methoxy Co-Ox, absorbed 
oxygen much more rapidly than the parent oxygen-carrying compound, 
Co-Ox. Naturally it became of interest to learn the effect of lengthening 
the alkoxy chain. 
2-Hydroxy-3-ethoxybenzaldehyde, 2-hydroxy-3-n-propoxy be~zalde­
hyde and 2-hydroxy-3-n-butoxybenzaldehyde were synthesized from the 
corresponding o-alkoxyphenols by the Duff reaction (1). o-Ethoxyphenol 
was prepared by the action of djethylsulfate on pyrocatechol in alkaline 
solution. The higher o-alkoxyphenols were prepared by the action of 
the alkyl bromide on pyrocatechol. Various factors affecting the yields 
from the Duff reaction were investigated in connection with this work and 
were reported by Liggett and Diehl (2) . 
Like the Schiff's bases of salicylaldehyde and of 2-hydroxy-3-
methoxybenzaldehyde with ethylenediamine, the Schiff's base with the 
higher 3-alkoxy aldehydes are also crystalline compounds, yellow in 
color, with melting points decreasing with increasing length of the alkoxy 
chain. · 
Di- (2-hydroxy-3-ethoxybenzal)-ethylenediimine cobalt, designated 
3-Ethoxy Co~Ox, proved to be active tow~rd oxygen and to absorb 3.80. 
per cent oxygen, the theoretical amount for one molecule of oxygen per 
two cobalt atoms. When first formed it precipitated as a yellow or 
maroon-colored material depending on the prevailing conditions. The 
yellow material was apparently a hydrate but lost its water so easily that 
it could not be brought to constant weight for analysis. It yielded the 
maroon-colored material on drying. The maroon material absorbed oxygen 
directly, turning black during the process. 
Numerous preparations of the 3-ethoxy compound were made with 
object of devising a satisfactory method for its preparation. The amount 
of alcohol used as solvent, the total volume of solution, the amount of 
excess acid added, and the time of digestion of the precipitate were varied 
systematically. Conditions were found for the preparation of easily 
filterable material of high capacity in good yield. 
As was pointed out in Paper VI, 3-Methoxy Co-Ox is extremely 
hygroscopic and the absorbed water is expelled only when the compound 
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is heated to 170° . 3-Ethoxy Co-Ox was found to be much less hygroscopic. 
It did, howe'ler, absorb water along with oxygen from moist air and the 
oxygen-carrying capacity was decreased by the water absorbed. The 
absorbeq water was expelled when the material was heated in a stream 
of nitrogen at 100°, the oxygen-carrying capacity returning as the water 
was eliminated. It was thought possible to operate the oxygenation-
deoxygenation cycle with moist air since the water was found to be 
eliminated from the compound at a temperature as low as 100° . Thus, 
although water and oxygen were simultaneously absorbed during oxygena-
tion with moist air, the water might be expelled during the deoxygenation 
step at 100°. When tried it was found, however, that although the water 
was expelled from the compound at 100°, the amount of oxygen produced 
was not sufficient to sweep all of the water from the material. The amount 
of water in the material gradually increased and although the water 
reached a rather steady value the oxygen-carrying capacity was somewhat 
too low for practicable use. This was the case using a~r with relative 
humidities of 25 per cent and 75 per cent. Even U:sing air dried over 
solid potassium hydroxide (0.002 milligram of water per liter) there was 
a steady accumulation of about 0.01 per cent water per cycle. It appeared 
therefore that if a deoxygenation temperature of 100° was used that it was 
necessary to either dry the air carefully or to periodically sweep the water 
from the compound with air or nitrogen at 100° . Air having a water 
content of 5 milligrams per liter could be used if the operation were 
occasionally stopped and the water expelled by heating in a stream of 
air or nitrogen or the cycle so arranged that a hot air flushing operation 
followed the deoxygenation. 
This experiment was repeated using a deoxygenation temperature 
of 130°. Under these conditions tl}e water expelled from the compound 
was all converted to steam and removed from the vicinity of the material. 
Air of 25 per cent humidity was used; the residual water after deox:ygena-
tion (ten minutes, 130°) assumed a steady value of 0.4 per cent and the 
oxygen-carrying capacity was essentially unaffected, remaining at about 
3.6 per cent. This appeared to be a very practical way to operate the cycle 
on moist air. 
This experiment was again repeated carrying out the deoxygenation 
at 100° under reduced pressure (220 mm.). The gradual diminution of 
the oxygen-carrying capacity of the material indicated that reducing the 
pressure alone was not sufficient. Although no experiment was made, 
undoubtedly deoxygenation at 130° under reduced pressure would be 
successful. 
An interesting possibility is that of making the absorption of oxygen 
an exchange reaction with water. The heat of reaction would then be 
greatly decreased, being the difference between the heat of oxygenation 
and the heat of dehydration, and the rate of deterioration of the com-
pound might be consequently decreased. Experiments indicated that 
such. an exchange reaction did actually take place but was far from com-
plete and apparently not very practical. 
• 
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Di-(2-hydroxy-3-n-propoxybenzal)-ethylenediimine cobalt was also 
prepared and found to function as an oxygen carrier. In an 'atmosphere of 
oxygen in the differential manometric testing apparatus, the rate of 
oxygenation of this material was found to be the greatest of any of the 
compounds studied. Attempts to determine the rate of oxygenation in 
air at atmospheric pressure were thwarted owing to a tendency of the 
material to pack and to prevent the passage of air. The compound was 
exceptionally hygroscopic. 
The compound di- (2-hydroxy-3-n-butoxybenzal)-ethylenediimine 
cobalt was synthesized and found to absorb oxygen at an exceptionally 
fast rate. Because of its extraordinary speed of oxygenation this material 
was given the name Co-Ox SS (Co-Ox Super Speed). The best prepara-
tions of this cobalt compound were made by dissolving the Schiff's base 
in alcohol and adding an aqueous solution of cobalt acetate so that the 
final alcohol concentration was about 40 per cent. The compound prepared 
this way carried 3.3 per cent oxygen, the theoretical value being 3:42. 
Other methods of preparation involving aqueous solutions of the sodium 
salt of the Schiff's base or suspensions of the Schiff's base in water 
yielded material of considerably lower capacity. The material formed 
from the dilute alcohol solution was a yellow hydrate, similar in appear-
ance to the corresponding methoxy compound. Unlike the methoxy com-
pound, however, the butoxy compound became active, losing water, at 
temperatures from 100-125°. The rate of oxygenation was determined at 
0°, 15°, 30°, 45°, and 50° . The rate of oxygenation was found to be 
practically independent of the temperature over this range. At these 
temperatures oxygenation was essentially complete in 60 seconds. The 
deoxygenation temperature was found to be about 80°. 
EXPERIMENTAL WORK 
A. DI- (2-HYDROXY-3-ETHOXYBENZAL)-ETHYLENEDIIMINE COBALT. 
3-ETHOXY CO-OX 
In the earliest reference to the mono-alkyl ethers of pyrocatechol, 
Merck (3) discussed the preparation of o-methoxyphenol (guiacol, guaja-
kol) from o-dimethoxybenzene (veratrole) and suggested that the method 
would be applicable to the preparation of other monoalkoxyphenols. The 
method in volved treatment of the dimethoxy compound with alkali, dilu-
tion, and steam distillation. The dimethoxy compound did not distill and 
the yield was almost quantitative. The Merck procedure was mentioned 
somewhat latei: (4) and the boiling points of several monoethers were 
reported. However, no details are given nor does any subsequent litera-
ture give experimental directions . 
. During 1932 and 1933 o-ethoxyphenol was prepared by several 
methods and its physical properties reported: the diazotization and sub-
sequent hydrolysis of o-phenetidine (5); from the diethyl ether by a 
Grignard reaction (6); and by the action of the alkyl halide on pyro-
catechol in the presence of potassium hydroxide or carbonate (7) . 
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It was thought that the conversion of pyrocatechol to the monoether 
by diethylsulfate offered a more convenient source of the material than 
the methods just mentioned. This proved to be the case and during 
the course of a number of preparations various factors influencing the 
reaction were varied to detenpine the optimum conditions. 
0-ETHOXYPHENOL 
Recommended Procedure . In a 11. three-necked flask provided with 
a reflux condenser, a motor driven stirrer, a dropping funnel, and a gas 
inlet tube, mix 1 mole (110 g.) of pyrocatechol with 200 ml. of water. 
In a separate flask dissolve 1 mole (40 g.) of sodium hydroxide in 100 
ml. of water. Heat the pyrocatechol solution to boiling with constant 
stirring and pass a stream of nitrogen through the flask. When the solu-
tion is refluxing evenly and all of the air has been displaced from the 
flask, add the sodium hydroxide through the dropping funnel. Rinse the 
dropping funnel with a little distilled water and then pour 158 g. ( 4 g. 
excess) of diethylsulfate into it. Add this diethylsulfate slowly to the 
refluxing solution over a period of forty-five minutes. Reflux the final 
mixture for one hour, cool and separate the top (oily) layer. Vacuum 
distill this oil collecting a 5° fraction; at 10 mm. ~ressure the oil will come 
over between 100° and 105°. If the product is slightly impure it will turn 
yellow after a time. A redistillation will purify it. Yield: 50 per cent. 
In case a great deal of oxidation of the alkaline pyrogallol has taken 
place the solution may be too dark to enable a separation of the oily layer. 
In this case the entire solution may be acidified and then steam distilled. 
The oil may be then separated from the distillate and then vacuum 
distilled. 
Reported for o-ethoxyphenol: b.p.: 211.1° / 720.85 mm. (8), 74-76° / 4 
mm. (7) , D2~: 1.0903 (6) ; N25 1.5224 (8) . 
2-HYDROXY- 3-ETHOXYBENZALDEHYDE 
This aldehyde was prepared from o-ethoxyphenol by the Duff reac-
tion (2). Yield: 10.6 per cent; m .p.: 60-62°, reported (9): 64-65° . Later a 
technical grade of the aldehyde was obtained from the Monsanto Chemical 
Company; m.p. after vacuum distillation: 63-64°. 
DI- (2-HYDROXY-3-ETHOXYBENZAL)-ETHYLENEDilMINE 
The condensation of the aldehyde and ethylenediamine was effected 
in a hot alcohol solution using a slight excess of the diamine. The yellow 
Schiff's base was recrystallized from dilute alcohol; m.p.: 132°. 
DI- (2-HYDROXY-3-ETHOXYBENZAL)-ETHYLENEDIIMINE COBALT 
To 4 g. of di- (2-hydroxy-3-ethoxybenzal)-ethylenediimine dissolved 
in 210 ml. of alcohol was added 2.81 g. of cobalt acetate dissolved in 45 ml. 
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of hot water. A gray-gold precipitate appeared immediately. It was filtered 
off and dried in a vacuum disiccator; the color changed to a dark brown. 
When heated in a vacuum to 100° it became brick red in color and active 
toward oxygen, absorbing 3.3 per cent oxygen. The theoretical capacity 
for the compound, c{bsorbing one molecule of oxygen per two cobalt atoms, 
is 3.80 per cent. The oxygen-carrying capacity of this material increased 
to 3.61 per cent when it was heated in a vacuum at 160°. At 180° slight 
decomposition occurred and the capacity dropped. 
By using the sodium salt of the Schiff's base and carrying out the 
reaction in a hot solution the deep red, active form rather than the hydrate 
was obtained and the oxygen-carrying capacity of the material after 
drying in a vacuum at 100° was exactly the theoretical 3.80 per cent. 
Numerous preparations showed that the best product was that in which 
the red colored material was obtained directly. The best preparations 
were obtained from a solution of about 40 per cent alcohol and with 15 to 
20 milliliters of liquid per gram of aldehyde. When le~s than 40 per cent 
alcohol was employed the precipitate was buff colored, flocculent, and 
difficult to filter. The difficulty in filtering increased on washing the 
precipitate with water. The preparations in less than 40 per cent alcohol 
also had slightly lower capacities. The capacity in most cases was above 
3.50 per cent, however, and this would probably not be a serious dis-
advantage in the commercial preparation of the material. Filtration was 
easier when a much larger volume of solution was used (70 ml. per g. of 
aldehyde) but the buff colored hydrated material was obtained and the 
oxygen-carrying capacity of the product was always somewhat less than 
the theoretical value. The best preparations were obtained when an 
excess of cobalt salt was used and when some acetic acid was added. 
RECOMMENDED PROCEDURE FOR THE PREPARATION OF 3-ETHOXY CO-OX 
In a 4 1. beaker, dissolve 170 g. of 2-hydroxy-3-ethoxybenzaldehyde 
(light yellow solid, m.p.: 60-64°) in 600 ml. of water and 1,000 ml. of 
alcohol. Heat this solution to boiling. In a separate beaker, dissolve 53 g. 
of 68.3 per cent e.thylenediamine (or the equivalent) in 200 ml. of water 
and 200 ml. of alcohol. Add this rapidly to the hot solution of the aldehyde, 
stirring vigorously. The yellow, crystalline Schiff's base precipitates. 
Dissolve 40 g. of sodium hydroxide and 40 g. of sodium acetate in 500 ml. 
of hot water. Add this to the mixture of the mother liquor and the 
Schiff's base and heat until all the crystals have dissolved. In a separate ' 
beaker, heat 400 ml. of water and 68 ml. of glacial acetic acid. Dissolve 
143 g. of cobalt chloride in this solution and then add it to the hot solution 
of the Schiff's base with vigorous stirring. Keep the solution at the boiling 
point for ten minutes, stirring constantly. Then allow the precipitate to 
cool and settle. Filter on a Buchner funnel, draw as much liquid as pos-
sible out of the precipitate by suction and then wash twice with water to 
remove excess acetic acid, sodium acetate, and cobalt chloride. After 
drawing out as much water as possible, dry in an oven at 110°. 
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RATE OF OXYGENATION OF 3-ETHOXY CO-OX 
The rates of oxygenation of di- (2-hydroxy-3-ethoxybenzal) -ethylene-
diimi~e cobalt in air were determined using the Gravimetric Rate Appa-
ratus described in Paper XIV (Method D). The results are shown in 
Figure 1. The rate of oxygenation in pure oxygen was also determined; 
these results are reported in Paper XII, Figure 3. 
4 
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FIG. 1. Rate of oxygenation of 3-Ethoxy Co-Ox in air at various temperatures. 
HYGROSCOPICITY OF DI- (2-HYDROXY-3-ETHOXYBENZAL)-
ETHYLENEDIIMINE COBALT 
Samples of deoxygenated di- (2-hydroxy-3-ethoxybenzal)-ethylene-
diimine cobalt. were placed in each of four desiccators each containing 
sulfuric acid of different concentration and allowed to stand for about a 
week. The gain in weight was determined in each case and the samples 
were analyzed for water by heating the sample at 100° in a stream of 
nitrogen and collecting the water in a drying tube containing anhydrous 
magnesium perchlorate. The amount of oxygen absorbed was thus 
obtained by difference. The results are shown in Table 1. 
A comparison of these data with those for 3-Methoxy Co-Ox, Paper 
TABLE 1 
SIMULTANEOUS ABSORPTION OF OXYGEN AND WATER FROM M OIST AIR BY 3 -ETHOXY Co-Ox 
Sulfuric Acid Water Content Oxygen Water 
Concentration, of Air, Absorbed, Absorbed, 
Percentage Mg. per liter Percentage Percentage 
40 ... . . . . . . . . . . . . . . . . . . . 19.44 3 .1 2 . 3 
60 ..... . ... . ...... . . .. . . 5 .8 1. 8 2 .2 
71 .6 .. . ............... . . 1.4 0.6 2 .6 
81.2 .............. . . . . . 
I 
0 . 19 0.3 3.2 
• 
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VI, shows that 3-Ethoxy Co-Ox is considerably less hygroscopic; thus, 
with air containing 2.0 mg. of water per liter, the methoxy compound 
absorbed 2.05 per cent water while the ethoxy compound absorbed only 
0.8 per cent. 
CYCLIC OPERATION USING MOIST AIR 
Although, as shown above, water is absorbed simultaneously with 
oxygen from moist air by di- (2-hydroxy-3-ethoxybenzal) -ethylenediimine 
cobalt, it appeared possible to still operate the oxygenation-deoxygenation 
cycle on moist air by carrying out the deoxygenation at a temperature of 
100°, since the water was expelled at this temperature. The apparatus 










FIG, 2. Apparatus for investigation of the cyclic operation of 3-Ethoxy Co-Ox 
using moist air. 
Nitrogen gas was admitted at inlet A and passed through the drying 
tube B containing anhydrous magnesium perchlorate. Inlet K was 
connected to a source of moist air. The humidity of the air was adjusted 
by bubbling it through a solution of sulfuric acid in a carboy. The 
moisture content of the air leaving this acid was determined by passing 
a measured volume of the air through a weighed magnesium perchlorate 
· drying tube. The sample was placed in U-tube E which was immersed 
in a beaker of water. Outlet J was connected to a water aspirator. The 
gas buret G was enclosed in a water jacket through which tap water was 
circulated. Mercury was used as the retaining liquid in the gas buret. 
The sample in U-tube E was dried to constant weight by heating the 
water in the bath to 100° with a stream of nitrogen passing over the 
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material. A blank was then determined in the following manner: (1) U-
tube E was cooled to exactly 20° by bringing a large beaker of water 
around it. About twenty minutes was allowed f~r the temperature to 
reach equilibrium. The tube was flushed continuously with dry nitrogen 
during this period. (2) Pinch clamp D was closed and the mercury level 
in gas buret G was adjusted to the zero reading. Then the system was 
connected to gas buret G through stopcock F. (3) The U-tube was im-
mersed in boiling water and kept at 100° for twenty minutes. (4) The 
quantity of g'as collected in gas buret G was measured and the tempera-
ture of the gas and the barometric pressure were recorded. (5) The 
volume was corrected to standard conditions of temperature and pres-
sure. This value is a blank buret reading due to the expansion of the 
gases of the system for the temperature change of from 20 to 100°. 
With the sample in U-tube E completely deoxygenated and dried 
to constant weight, the apparatus was ready for the experiment which 
was carried out as follows: (1) Moist air was drawn through the system 
by opening C and D and attaching a water aspirator at J. The U-tube was 
kept in a beaker of water at 20°. (2) After drawing the air through the 
apparatus for ninety minutes the suction was turned off and the U-tube 
was dried and weighed. Then pinch clamp D was closed tightly, the mer-
cury level was adjusted to zero, and stopcock F was opened to the buret. 
(3) The U-tube was immersed in a beaker of boiling water and the oxygen 
was collected in the bur.et. The water bath was kept boiling for twenty 
minutes to be certain of complete deoxygenation. The buret reading and 
temperature were recorded. ( 4) The stopcock F was closed, pinch clamp 
D was opened, and stopcock C was adjusted to open the system to the 
nitrogen train. Then, the U-tube was cooled to room temperature and 
nitrogen gas allowed to leak into the U-tube. When the U-tube was 
cool, it was weighed. (5) The stopcock C was opened, the aspirator turned 
on and the oxygenation step was begun again. 
Following this procedure, which was repeated exactly each cycle 
as outlined above, this experiment was performed using air having a water 
content of 13 milligrams per liter. It was found necessary to allow ninety 
m,inutes for complete oxygenation. A temperature of 100° was used for 
deoxygenation and twenty minutes was required. The cycle was repeated 
ten times and from the data collected the quantities of moisture and 
oxygen absorbed were calculated. The results are given in Table 2. It 
will be seen that the amount of water absorbed increased to a maximum 
of 5. 7 per cent and that the amount of oxygen carried decreased pro-
gressively. Evidently the oxygen produced was insufficient to sweep out 
all the water and the cycle cannot be operated efficiently under these con-
ditions. The accumulated water was easily and completely removed, 
following the completion of the experiment, by sweeping nitrogen over. 
the material at 100°. 
Following the same procedure outlined above, the efperiment was 
repeated using air having a water content of 6 milligrams per liter. The 
decrease in the oxygen-carrying capacity was much less and the amount 
of water absorbed was also much less. In this experiment the water was 
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TABLE 2 
CYcuc OxYGENATION AND HYDRATION OF 3-ETHOXY Co-Ox WITH MmsT AIR 
Moisture content of air: 13 mg. per liter. 
90 minute oxygenation and 20 minute deoxygenation. 
Water Water 
Absorbed Remaining Water 
During After Expelled 
Oxygen Oxygenation Deoxygenation During 
Absorbed, (accumulated), (accumulated), Deoxygenation 
Cycle Percentage Percentage Percentage Percentage 
1. ....... . . . 2 .85 2 .6 . . . . . . . . . ................ 
2 . . ........ . 2 .64 3.2 1.8 1.4 
3 .......... . 2 .25 4 .3 3.2 0 .8 
4 .... . . . . . . . 1.47 4 .8 . . . . . . . . . . . . . . . . . ....... . . . ..... 
5 .. . . ... . .. . 1.15 . . . . . . . . . . . . . . . . 3 .8 . ...... . ....... . 
6 .. . . .. . • ... 1. 33 5 .3 4 .5 0.8 
7 .. ...... . . . 1.07 5 .2 3.9 1.2 
8 . .... . . . . . . 1.08 5.6 4 .7 0 .9 
9 . .. . .. .... . 0 . 95 5 .7 5.1 0 .7 
10 . . .. ...... . 0 . 90 5.7 4.4 1.3 
flushed away after each five cycles but the data indicate the behavior 
toward air of this humidity (see Table 3). 
TABLE 3 
CYCLIC OXYGENATION AND HYDRATION OF 3-ETHOXY Co-Ox WITH MOIST AIR 
Moisture content: 6 mg. per liter. 
30 minute oxygenation and 30 minute deoxygenation. 
Cycle 
1 . . . ..... . ... ... .... . 
2 ...... . ...... . ..... . 
3 .. .. . . ...... ... .. .. . 
4 ... . . . ..... . .. .. ... . 
5 . . . . .... . ........ .. . 
F* .. . . . , ............ . 
6 ... . .. . .... . ... . .. . . 
7 . ... . .... . . . ... . . . . . 
8 .. . ................ . 
9 ... . ..... . ........ . . 
10 . . . . ..... . .. .. .. . . . 
F* 
11 .. .. ........ .. ..... . 
12 ... . . .. . . .......... . 
13 ... .•....... . .. . .. .. 
14 . .. ... ... ....... . .. . 
F* 
15 . . ....... ... ....... . 
16 . ... . ....... . ...... . 
17 .. . ........ . .. .. ... . 
18 ..... .. .. . ......... . 
19 ........ . ... .. .. .. . . 























3 . 70t 
• Flushed with nitrogen and all water removed. 
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The experiment was also repeated using air dried over walnut size 
potassium hydroxide which leaves 0.002 milligram of water per liter. The 
compound absorbed 0.01 per . cent water on each cycle. At the end 
of thirteen cycles the accumulated water was readily expelled by passing 
dry nitrogen over the material at 100°. The oxygen-carrying capacity 
was decreased by about 0.3 per cent during the thirteen cycles. The 
capacity as determined by weight and by the volume of expelled oxygen 
checked on each cycle. This indicated that no measurable amount of 
water was driven off during deoxygenation. A few milligrams of sample 
slowly escaped through the glass wool plug in the U-tube and was lost 
during the experiment. It was not enough to affect the amount of oxygen 
absorbed, but it was enough to affect the weight and consequently the 
calculation of water present before and after deoxygenation. It is 
believed therefore that these percentages are somewhat low for the last 
few cycles. It is evident that the use of moist air could not be made 
practical simply by carrying out the deoxygenation step at a reduced 
pressure. 
Following the same procedure, the experiment was repeated using 
air having a water content of 6.4 milligrams per liter but carrying out 
the deoxygenation at 130°. The data are given in Table 4. At the higher 
temperature the water was much more completely removed. Operation 
with moist air using 130° deoxygenation temperature appears practicable. 
The experiment with moist air was performed again following the 
same procedure except that deoxygenation was carried out at 100° and 
at reduced pressure, 220 mm. The air used had a moisture content of 6.4 
TABLE 4 
CYCLIC OxYGENATION AND HYDRATION OF 3-ETHOXY Co-Ox WITH MmsT A1R 
AND WITH DEOXYGENATION AT 130° 
Moisture content of air: 6.4 mg. per liter. 
90 minute oxygenation and 10 minute deoxygenation. 
Water Remaining 
Water Present After 
After Deoxygenation * 
Oxygen Absorbed, Oxygenation, (accumulated), 
Cycle Percentage Percentage Percentage 
1 .... . . . ...... . . . 3 . 59 ........ . . ... .. ..... 0.20 
2 . . . ...... . ... .. . 3 . 59 0 . 24 0.29 
3 ................ 3.59 0 . 23 0.45 
4 ........ .. ...... 3.62 0 . 30 0.47 
5 ....... . ... . .... 3.62 0.28 0.53 
6 . ............... 3 .62 0 .39 0 . 43 
7 ... . ..... .. . .. .. 3 . 61 0.37 0.55 
8 ................ 3. 61 0 . 37 0 . 54 
9 ........ . . .. .. . . 3 . 56 0 . 39 0 . 54 
10 ................ 3 . 59 0 . 36 0 . 53 
*The fact that the total water remaining after deoxygenation (Column 4) is always 
greater than total water before deoxygenation (Column 3) was probably due to absorption of 
oxygen during the cooling of the sample for weighing. If this is true, the values in Column 4 
give both water plus oxygen remaining in the U-tube, and therefore these values have no 
significance. 
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milligrams per liter and oxygenation was carried out at 27° over a ninety 
minute period. In order to obtain the reduced pressure for deoxygenation 
a 150 cm. mercury-filled collecting tube was used. The low pressure was 
obtained by keeping the leveling bulb about 520 millimeters lower than 
the height of the mercury in the collecting tube. The gas was collected 
under a pressure of 220 millimeters and then transferred to a gas buret 
where it was measured at atmospheric pressure. The data is tabulated 
on Table 5. It can be seen that the oxygen-carrying capacity decreased 
quite markedly in 13 cycles. 
TABLE 5 
CYCLIC OXYGENATION AND HYDRATION OF 3-ETHOXY Co-Ox WITH MmsT AIR AND WITH 
D EOXYGENATION AT 100° AND UNDER 220 MM. PRESSURE 
Moisture content of air: 6.4 mg. per liter. 
90 minute oxygenation and 10 minute deoxygenation. 







Cycle Percentage Percentage Percentage 
1 .......... . ..... 3.69 0 .38 0.26 
2 ..... . ....... ... 3.50 0.60 0 . 27 
3 ........ . . . ..... 3.46 0 .56 0.22 
4 .... ... ... . ... .. 3 . 47 0 . 51 0 . 20 
5 . . ......... . .... 3.49 0 .46 0 . 47 
6 .. .. ... .... . . . .. 3 . 48 0 .78 0.27 
7 .. .. .... . . ... . . . 3.50 0 .63 0 . 27 
8 .. . ... . . ...... . . 3.44 0 .75 0.33 
9 ... . ........... . 3.44 0.78 0 . 36 
10 ... . . ... .. .. . .... 3 . 36 0 .70 0 . 26 
11. .... . ... ' ...... 3 . 37 0 . 59 0 . 15 
12 ..... . .. . . . . . . .. 3.38 0 . 55 0 . 11-
13 ...... . .. . ...... 3 . 29 0 . 59 0 . 18 
DISPLACEMENT OF WATER OF. HYDRATION Oli' 3-ETHOXY 
CO-OX BY OXYGEN 
It was of some interest to determine whether oxygen would displace 
the water from the hydrated form of di- (2-hydroxy-3-ethoxybenzal)-
ethylenediimine cobalt. A definite quantity of water was introduced into 
the sample ' of di-(2-hydroxy-3-ethoxybenzal)-ethylenediimine cobalt. by 
passing moist nitrogen gas over it. The water content of the nitrogen 
was adjusted by bubbling it through 30 per cent sulfuric acid solution. 
The nitrogen was passed through the sample in a U-tube (Fig. 1) until 
the compound had absorbed the desired amounts of water as determined 
by the gain in weight. Dry oxygen was then passed over the .compound 
until constant weight was obtained (about one hour) indicating complete 
oxygenation. After this the temperature was raised to lOQ:O and the oxygen 
was collected in the gas buret. By weighing the sample . before and after 
oxygenation, the quantity of moisture introduced. ·:and the quantity 
expelled could be ;measured with reasonable accuracy: : :T.he : experiment 
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TABLE 6 




by measuring Water Water Water 
Initial volume of Expelled Expelled Remaining 
Temperature Water oxygen During During After 
of Content, evolved), Oxygenation, Deoxygenation, Deoxygenation, 
Oxygenation Percentage Percentage Percentage Percentage Percentage 
10° . . .. . ... . . 4 .67 0 .75 0 . 11 1 . 81 2.70 
20° ... .. . . .. . 4 .31 1. 79 1. 38 * 2 .93 
40° . . . . ... . . . 4 .90 0 .71 0 .85 0 .73 3.32 
I 
* Experimental error. 
was performed at 10°, 20°, and 40°. The results are tabulated in Table 6. 
Apparently the exchange reaction does take place to a certain extent. 
B. DI- (2-HYDROXY-3-N-PROPOXYBENZAL)-ETHYLENEDIIMINE COBALT 
o-n-PROPOXYPHENOL 
A quantity of 110 g. of pyrocatechol was placed in a 3-necked flask 
equipped with a stirrer, a reflux condenser, a dropping funnel, and a gas 
inlet tube. The air was flushed out of the fl.ask with carbon dioxide gas 
and then the pyrocatechol was dissolved in a solution of 40 g. of sodium 
hydroxide in 300 ml. of water at about 50°. The solution was heated to 
refluxing and 170 g. of propyl iodide was added slowly over a period of 
one hour. Refluxing was continued for three hours. By this time the 
solution had become very dark and the layers in the solution were not 
easily distinguished even after acidifying the solution and allowing it to 
stand for some time. Therefore the entire solution was steam distilled. 
About 80 g. of oil was obtained which was dried over anhydrous calcium 
sulfate and vacuum distilled. YieLd: 45 g.; b.p.: 112-115° /15 mm. The 
water layer of the steam distillate was extracted thrice with ether and the 
ether distilled off yielding 4 g. further of the propoxyphenol. The total 
yield was thus about 33 per cent. B.p.: 225-227° /740 mm., reported 
( 4): 223-226° /760 mm.; n25 : 1.5176, reported (6): 1.5176; D25 : 1.0461, 
reported (6): 1.0523. The compound was soluble in dilute sodium 
hydroxide, the solution turning green rapidly in air. 
2-HYDROXY-3-n-PROPOXYBENZALDEHYDE 
A mixture of 35 g. of boric acid and 150 g. of glycerol was heated to 
170° for twenty minutes. Then 25 g. of hexamethylenetetramine and 25 g. 
of o-n-propoxyphenol were added. The mass was stirred well and main-
tained at 150-155° for fifteen minutes. The reaction was quite vigorous 
and cooling was necessary at times to keep the temperature in this range. 
Finally the mass was cooled, and a solution of 30 ml. of sulfuric acid in 
100 ml. of water added. Steam distillation yielded a large volume of cloudy 
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solution with some yellow oil. This distillate was extracted thrice with 
ether. The ether was distilled away and the remaining oil distilled at 
135° / 12 mm. This liquid was soluble in sodium hydroxide solution yield-
ing a yellow solution. Yie1d: 14.5 per cent; D 425 : 1.116; n 25 : 1.546; m.p. 
phenylhydrazone, yellow in color: 109-110°. 
In a second preparation the oil from the ether extract was converted 
directly to the Schiff's base with ethylenediamine but in another, in 
which the acidified reaction mass was extracted with ether and the oil 
obtained on evaporating the ether treated with ethylenediamine, only a 
pasty mass was obtained and it became necessary to work up the paste 
by decomposing the Schiff's base with acid, extracting with ether and 
steam distilling. Apparently either a steam or a vacuum distillation is 
necessary. 
DI- (2-HYDROXY-3-n-PROPOXYBENZAL) -ETHYLENEDIIMINE 
The aldehyde and diamine condensed readily and the yellow product 
recrystallized easily from alcohol; m.p.: 93-94°. 
DI- (2-HYDROXY-3-n-PROPOXYBENZAL)-ETHYLENEDIIMINE COBALT 
About 7 g. of di- (2-hydroxy-3-n-propoxybenzal)-ethylenediimine was 
dissolved in a hot solution of 40 ml. of 0.98 N sodium hydroxide, 30 ml. of 
water, 35 ml. of alcohol, and 2 g. of sodium acetate. To this was added 
a hot solution of 5 g. of cobalt acetate, 3 g. of acetic acid, 20 ml. of water 
and 10" ml. of alcohol. This provided an excess of sodium hydroxide in the 
first solution and enough acetic acid in the second to make the mixture 
definitely acidic. The cobalt acetate was in excess. A brown precipitate 
appeared immediately and after being boiled for fifteen minutes the 
solution was filtered and thoroughly washed with both alcohol and water. 
It was dried under a vacuum at 110° for four hours. A few particles 
of unactivated compound were placed on a melting point block and 
warmed. At about 95° the compound lost water and turned from yellowish 
red to brown. There was no noticeable change as the temperature was 
further raised to 240°. A portion of the material was heated in a vacuum 
at 110° for four hours and then placed in an oxygen atmosphere of 180 
pounds pressure. The compound gained 3.60 per cent in weight which 
was lost on again heating in a vacuum. Another trial gave the same 
results. The theoretical oxygen-carrying capacity for the absorption of 
one molecule of oxygen per two cobalt atoms is 3.55 per cent. Using the 
Differential Manometric Apparatus (Paper XIII, Method C) this material 
was found to absorb oxygen very rapidly, being 90 per cent saturated 
within two minutes. An attempt was made to obtain the rate of oxygena-
tion in air using the Gravimetric Rate Method (Paper XIII, Method D) 
but owing to the floury nature of the compound air could not be forced 
through the powder sufficiently rapidly. A few determinations were made 
on pellets of the material, 10 to 20 mesh in size, but the results were not 
entirely satisfactory owing to the excessively hygroscopic character of 
the material. 
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C. DI- (2-HYDROXY-3-n-BUTOXYBENZAL) -ETHYLENEDIIMINE 
COBALT. Co-Ox SS 
o-n-BUTOXYPHENOL 
To a solution of 300 g. of pyrocatechol dissolved in 900 ml. of water, 
which had been previously boiled to expel air, was added 120 g. of sodium 
hydroxide dissolved in 300 ml. of boiled water. The reaction mixture 
was cooled to room temperature and 420 g. of n-butyl bromide (Eastman 
Kodak Company, No. 51) added. The mixture was refluxed for twenty 
hours. Upon cooling two layers separated. The upper layer, which 
was almost black in color, was separated and the lower layer was acidified 
with hydrochloric acid and extracted with ether. The ether was removed 
by distillation and the o-n-butoxyphenol so obtained added to the upper 
layer which had been previously separated. This liquid was then distilled 
and the fraction boiling 150-154° / 40 mm. collected. Yield: 81 per cent. 
2-HYDROXY-3-n-BUTOXYBENZALDEHYDE 
The butoxyphenol was converted to the aldehyde by the Duff reac-
tion; m.p.: 49°; yield: 16 per cent. 
DI- (2-HYDROXY-3-n-BUTOXYBENZAL)-ETHYLENEDIIMINE 
This Schiff's base was obtained as a yellow crystalline material by 
condensing the aldehyde and ethy lenediamine in alcohol. It was recrystal-
lized from alcohol; m.p.: 93-93.5° . 
DI- (2-HYDROXY-3-n-BUTOXYBENZAL)-ETHYLENEDIIMINE COBALT 
The first preparations of this compound yielded material of oxygen-
carrying capacity considerably below the theoretical value. In these 
preparations the Schiff's base was dissolved in an aqueous solution of 
sodium hydroxide, a solution which was prepared only with difficulty, and 
treated with the cobalt salt, or a suspension of the Schiff's base in water 
was digested with a solution of the cobalt salt. In later preparations made 
in a water-alcohol medium a material was obtained which absorbed 
amounts of oxygen approaching the theoretical value for one molecule 
of oxygen per two cobalt atoms. A typical preparation was carried out 
in the following manner. 
A quantity of 16 g. of di- (2-hydroxy-3-n-butoxybenzal) -ethylene-
diimine was dissolved in 400 ml. of hot alcohol. To this solution was 
added slowly with stirring a solution containing 12 g. of cobalt acetate in 
500 ml. of hot water. The compound precipitated was yellow in color and 
similar in appearance to the 3-methoxy compound. The mixture was 
digested, with occasional stirring, on the steam bath for sixty minutes, 
then allowed to cool before filtering on a Buchner funnel. The precipitate 
was reslurried in 500 ml. of hot water, again filtered and sucked as dry 
as possible. The material was dried at 100° either in a vacuum or in air 
and then activated by heating in a vacuum at 125° . Oxygen-carrying 
capacity: 3.32 per cent; theoretical capacity: 3.41 per cent. 
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RATE OF OXYGENATION OF DI- (2-HYDROXY-3-n-BUTOXYBENZAL)-
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The rate of oxygenation of di- (2-hydroxy-3-n-butoxybenzal)-ethyl-
enediirnine cobalt was determined using The Large Volume Manometric 
Apparatus described in Paper XIII (Method G) . The data is plotted in 
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FIG. 3. Rate of oxygenation of Co-Ox SS in oxygen at various temperatures. 
SS. Temperature has very little effect on the rate of oxygenation; the 
compound resembles 3-Ethoxy Co-Ox in this respect. The fast compounds 
must necessarily be those compounds whose rates of oxygenation are 
largely independent of temperature, the heat liberated during the oxy-
genation having relatively little retarding influence on the absorption of 
oxygen. 
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[Further discussions of the "Studies on Oxygen-Carrying Cobalt 
Compounds" will follow in subsequent issues of the Journa~ of Science.] 
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The subject of two reports (1,2) from this laboratory concerned 
prolongment of the reproductive phase of Trypanosoma lewisi infection 
in the rat and exaltation of numbers as a result of restricting pantothenic 
acid in the host's diet. Our attention was attracted to sodium salicylate by 
the work of Ivanovics (3,4) who noted inhibition of growth of Staphy-
lococcus aureus in the presence of 0.001 M of the drug, and the complete 
removal of the inhibition by 10-7 M pantothenic acid, but by no other 
agent of biological importance. The challenge was obvious-to administer 
sodium salicylate to the rat host and observe how its reaction is reflected 
in the course of Trypanosoma lewisi infection. The successful result of 
the venture is the subject of this paper. 
Before proceeding with the presentation of our work it is desirable 
to review two current concepts of the nature of immune reactions to. 
T. lewisi. According to Taliaferro and his collaborators (5,6,18), two 
humoral antibodies are produced in the host during the course of the 
infection, both of which are associated with the globulin fraction of the 
serum: (1) so-called ablastin, the anti-reproduction factor that accumu-
lates in the blood during the early days of the infection, becoming demon-
strable about the fifth day and completely inhibiting reproduction by the 
tenth day, and (2) the trypanocidal factor, which first effects destruction 
of a majority of the microorganisms some time between the eighth and 
fourteenth day ("first number crisis") and entirely eliminates them a few 
days to several months later, remaining in the blood indefinitely to 
prevent reinfection, whose effects "are due to typical lysins which may, 
however, act 'as opsonins in vivo." 
Augustine (7) does not accept this duality of immune bodies. From 
study of the behavior of the trypanosomes in reinfections of recovered rats 
he is led to declare that (1) the practical disappearance of dividing forms 
from the blood is to be explained by their low threshold sensitization to 
the trypanocidal antibody, which rendE!rs them selectively vulnerable to 
phagocytosis, and (2) the adult and some of the dividing trypanosomes 
are mechanically eliminated from the circulation subsequent to agglu-
tination by the trypanocidal antibody. Thus Augustine is inclined to 
regard the trypanocidal antibody as the sole factor involved in immunity, 
although he considers the possibility of another duality, namely, an 
1 Supported in part by a grant from the Science Research Institute, Iowa State 
College. 
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opsonin specific for dividing trypanosomes and an agglutinin for both ' 
adult and dividing forms. 
It must be remembered, however, that Augustine's observations 
were made entirely on reinfections, and that there are a number of 
serological aspects of Taliaferro's work upon which he has not touched. 
Since we have nothing new to contribute to the fundamental issue at 
this time, we shall employ such noncommittal terms as "reproductive 
phase" and "an_ti-reproductive process," meaning by the latter only the 
phenomenon that accounts for absence of dividing forms from the blood, 
whatever its ultimate nature. 
Salicylates, as is well known, are widely used in medicine on account 
of their antipyretic, analgesic, and antiphlogistic action. There is con-
siderable literature bearing on the physiological action of salicylates 
administered to mammals, but only certain of the more pertinent effects 
will be mentioned here. Link et coll. (8) produced temporary hypopro-
thrombineniia in rats maintained on a ration low in vitamin K with 
'single doses of salicylic acid, but found that feeding a ration containing 
sufficient vitamin K , or administration of the synthetic 2-methyl-1,4-
naphthoquinone, would protect against the drug dosages they tested. 
Minoru (9) found that small doses of sodium salicylate decreased blood 
sugar by parasympathetic stimulation, while large doses produc~d hyper-
glycemia by direct action on the liver, accelerating glycogen mobilization. 
Fashena et coll. (10) found that blood concentration of 350 µg. per cc . 
. approached the toxic. Moderate to large doses produced hypoprothrom-
binemia preventable by heavy dosing with vitamin K , while small doses 
decreased the alkali reserve. 
The main pathology of salicylate poisoning, according to Troll and 
Menten (11) , is widespread hemorrhage from capillaries in serous sur-
faces . Immune reactions too have been influenced by salicylates. 
Swift (12) found that sodium salicylate administered to rabbits impairs 
the formation of anti-Streptococcus viridans immune bodies, and Hom-
burger (13) reported what appears to be diminished formation of anti-Rh 
agglutinins in guinea pigs and rabbits following injection of Rhesus blood 
cells when sodium salicylate is administered prior to and during the im-
munization period. Dorfman et coll. (14) recently noted inhibitory effects 
of sodium salicylate on the spreading effects of hyaluroIJ.idase in vitro and 
in vivo. 
MATERIALS AND METHODS 
The strain of rats and of T. lewisi were the same as previously 
reported. The rats were fed tht! stock ration, on which the colony is 
maintained, from the time of birth. Inoculation was intraperitoneal and 
with about 200,000 trypanosomes in 1 cc. of diluted blood. Most of the 
trypanosome counts were made in a Levy-Hausser haemacytometer by 
the red cell method, except that 20 squares were usually counted. Blood 
smears were stained in Wright's. 
Sodium salicylate (c. p.) was dissolved in distilled water, and 
administered directly ·into the stomach through a No. 8 soft rubber 
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catheter attached to a glass syringe. Administration was usually started 
on the day of inoculation. Male rats were used except where otherwise 
stated, because they tolerate the salicylate much better than the females, 
which are likely to succumb to severe hemorrhage from the vagina. 
There appears in Table 1 a column headed "D.F. %"containing per-
centages of division forms. The latter are to be defined as the proportion 
of individual trypanosomes with characteristics of size, structure, or stain-
ability peculiar to the reproductive phase of the infection, as contrasted 
with the adults, which are the only forms in the blood after the anti-
reproductive process is effective. Hence, Taliaferro's (5) figs. 1-7 of Fig. 1 
are division forms, while figs. 8 and 9 are adults. Figs. 5-7 are transition-
als, in our parlance. No measurements were made, but a specimen had 
to be striking in its peculiarities before it was classified with the division 
forms. It is realized that a degree of error ("personal factor") is inherent 
in the method, but it is believed that it is at least as adequ;:i.te as the 
original Taliaferro (16) method of measuring and computing variation 
coefficients, for the latter does not sufficiently · accent the vagaries of 
form encountered in a population with an accelerated tempo of reproduc-
tion. Two hundred specimens on a slide stained in Wright's were carefully 
scrutinized for each item in the column. 
EXPERIMENTAL DATA 
Salicylate administration started on day of inoculation. Table 1 
records data from three experiments in which all the treated rats lived 
long enough for the effects of salicylate to be observed. It is to be noted, 
firstly, that up to and including the fifth .day numbers of trypanosomes 
and percentage of division forms were comparable in the treated and 
untreated series. Secondly, these two values for the treated series greatly 
-exceed those for the untreated series on the sixth (exp. 2) and seventh 
(exps. 1 and 3) days. Thirdly, the percentage of division forms is very 
low in the untreated rats by the eighth or ninth days, while the high 
va!Ues in the treated series on these days indicates the continuation of 
a fast tempo of reproduction. Fourthly, no reproduction is evident in 
the untreated series after the ninth day, while considerable numbers 
of division forms persisted in every surviving rat of the treated series. 
Another important phenomenon brought out in the table concerns 
the relation between number 0£ trypanosomes and percentage 0£ division 
forms, particularly in the treated series. Following the number counts 
for rat 22, for example, the values are 120, 294, 350, and 390, on the fifth, 
seventh, and twelfth days. The D.F. percentage values 0£ 49, 66, 73, and 
77, respectively, indicate a tremendously rapid rate of reproduction that 
was probably more or less continuous from 48 hours after the time 0£ 
inoculation till the rats became moribund on the twelfth day. It is im-
pressive that the blood population arose from less than 100 per mm.3 of 
blood on the inoculation date to 120,000 per mm.3 on the fifth day: But 
during the next four days, instead of a x1200 increase it was x3. At the 
end of three more days the count was approximately the same, although 
TABLE 1 
WEIGHTS (GRAMS), ERYTHROCYTE COUNTS IN 10,000s (R .B.C .) , N UMBER OF TRYPANOSOMES IN 1,000s PER MM.3 OF BLOOD (No. T .), AND PERCENTAGE 
DIVISION FORMS (D. F. % ) FOR RATS RECEIVING SODIUM SALICYLATE (SAL.) THROUGH STOMACH TUBE (TREATED), AND FOR CONTROLS (UNTREATED) 
Experiment 1 
Treated Series Untreated Series 
(Rats 6 and 7, 0.08 g. sal. daily 1- 26 to 2- 6) (Rats 4 and 5 received no sal. ) 
Day of 
Inf. Rat No. Wt. g. R .B.C. No. T. D . F.% Rat No. Wt. g. R .B.C. .No. T. D . F.% Remarks 
0 ..... . .. 6 140 710 ....... . . . . . . . . . 4 138 640 . . . . . . . . . . . . . . . . Inoculated 1- 26 
7 157 830 . . . .. . .. . . . . . . . . 5 121 634 . ..... . . . ...... 
5 ...... . . 6 138 687 42 54 4 142 647 28 47 Act. div. in both series 
7 155 723 37 58 5 123 639 31 56 
7 ........ 6 142 555 165 74 4 148 558 85 17 Do. 
7 161 591 370 68 5 123 480 155 20 
9 .... .... 6 146 452 640 44 4 156 667 110 5 Act. div. in Tr. Ser. 
7 162 439 330 48 5 124 538 80 9 
. 
-11. .... . .. 6 133 316 490 73 4 163 591 75 0 Do. 
7 147 203 530 47 5 127 639 88 0 
-
13 . .... ... 6 123 140 830 64 4 173 633 80 0 Do. 
7 130 182 2010 80 5 134 631 78 0 Rats 6 and 7 moribund._Killed. 
TABLE 1 (continued) 
Experiment 2 
Treated Series Untreated Series 
(Rats 11 and 12, 0.09 g. sal. daily 2- 10 to 
2- 24, except 2- 16, 18, 21 ) (Rats 9 and 10 received no sal. ) 
Day of 
Inf. Rat No. Wt. g. R .B.C. No. T. D . F . % Rat. No. Wt. g. R.B.C. No. T. D . F.% Remarks 
0 ........ 11 159 760 . . . . . . . . . . . . . . . . 9 130 695 ........ . . . . . . . . Inoculated 2- 10 
12 130 888 ........ . . . . . . . . 10 146 752 ....... . . . . . . . . . 
6 . ....... 11 144 640 430 67 9 169 560 185 55 Act. div. in both series 
12 138 498 380 73 10 162 869 30 43 
8 . . ...... 11 140 473 687 81 9 170 404 260 18 Do. 
12 146 331 480 69 10 162 734 70 14 Rat 11 died 9th day 
13 ........ 11 . . . . . . . . . . . . . . . . . . . . . . . . ........ 9 190 534 92 0 No. act . div. in either series 
12 137 208 670 16 10 172 804 25 0 
. 
15 .. .. .... 12 129 384 545 3 9 (no counts made) Rat 12 died 16th day 
to 
TABLE 1 (continued) 
Experiment 3 
Treated Series Untreated Series 
(Rats 21 , 22, and 26, 0.06 g. sal. d . 2- 20 to . 
3- 3, except 0.10 g. 2- 25, 27) (Rats 24 and 29 received no sal. ) 
Day of 
Inf. R at . No. Wt. g. R.B.C. No. T . D.F. % Rat. No. Wt. g. R .B.C. No. T . D.F. % R emarks 
0 ........ 21 131 916 ........ ........ 24 133 650 . . . . . . . . . ....... Inoculated 2- 20 
22 123 868 . . . . . . . . . . . . . . . . 29 168 830 ... . .... . . . . . . . . 
26 152 880 . . . . . . . . . . . . . ... 
5 .. ...... 21 136 671 148 63 24 146 672 115 55 Act. div. in both series 
22 134 636 120 49 29 182 704 145 63 
26 171 754 123 52 
7 . . . . .... 21 141 430 450 65 24 146 500 138 27 Act. div. in both series 
22 135 577 294 66 29 188 555 180 33 
26 174 648 230 59 
9 ..... ... 21 135 315 430 69 24 153 509 130 10 Act. div. in Tr. Ser. 
22 134 415 350 73 29 189 594 130 7 
26 162 522 220 66 
12 ... . .... 21 . . ...... . . . . . . . . . . . . . . . . . ....... 24 161 583 145 0 Do. 
22 139 306 390 77 29 198 598 100 0 Rat 21 died 10th day; Rats 22 
26 166 287 320 67 and 23 moribund 12th day 
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the percentage of division forms was about 75 throughout. Only one 
conclusion can be drawn: a tremendous mortality of the microorganisms 
attended the high rate of reproduction manifest throughout! 
Other corroborative evidence of the inhibiting effect of salicylate 
on the anti-reproductive process was obtained while testing for the 
dosages optimum for striking results. The result of overdosing was death 
of most of the rats before the extension of the multiplicative phase could 
be noted, although a number of individuals did survive long enough for 
significant results to be obtained. An experiment that illustrates minimum 
borderline effective dosage is of special interest. To four rats of a litter 
with an average weight of 130 g. were administered 0.045 g. of salicylate 
daily, commencing the day of inoculation, while the other four rats 
were inoculated but not treated. On the ninth day actual division could 
not be observed in the untreated smears, though the large transitionals 
were seen, while it was observable in the treated smears on this and the 
tenth day. On the eleventh and thirteenth days the treated rats still 
had transitionals, but no actually dividing forms, while only adults could 
be found in the untreated smears. Only adults could be found in the 
treated smears on the fourteenth day. To summarize, the following 
phenomena occurred in the treated rats: (1) prolonging of the repro-
ductive phase several days beyond the normal for this strain; (2) eventual 
development of the anti-reproductive process despite the administration 
of salicylate. 
Salicylate administration started five days or more a~er inoculation. 
Two lots of four female rats were subjected to separate experiments to 
determine whether salicylate would inhibit the anti-reproductive process 
when administration is delayed' for five full days. It was mentioned above 
that ablastin is demonstrable in the blood of the normal rat five days 
after inoculation. Lot 1 was composed of young rats averaging 141 g.; 
Lot 2 of old rats, all of which had had litters and failed to breed further, 
averaging 220 g. Just 120 hours after inoculation each rat of Lot 1 was 
injected directly into the stomach with 0.09 g. sodium salicylate in 2 cc. of 
distilled water; Lot 2 with 0.135 g. of the chemical in the same dilution. 
There were actively dividing trypanosomes in the blood of all the rats 
at this time. The plan was to inject the rats of Lot 1 with 0.06 g. of the 
drug on the sixth, seventh, ninth, eleventh, fourteenth, and seventeenth 
days, but only one rat in the lot survived the entire course of treatment. 
The plan for Lot 2 was the same except that the drug dosage was l.5x 
as large. Only one rat in this lot surviv~d. Dividing trypanosomes were 
demonstrable in the survivor of Lot 1 on each day the drug was adminis-
tered and on the eighteenth day, when the rat was sacrificed on account 
of its moribund condition. 
A more detailed study was made of rat 64, the survivor of Lot 2. 
This female rat weighed 228 g. on the inoculation date, and 226 g. on the 
fifth day of the infection, the time of the first administration of salicylate. 
Since division forms could no longer be found upon casual inspection 
of smears from the single control on the ninth day, we then commenced 
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to enumerate the adults, forms notably smaller than adults, forms notably 
larger than adults ("transitionals"), and actually dividing forms of 
whatever type in the blood of rat 64. The percentages of each on the 
different dates are shown in Table 2. Although no actually dividing 
TABLE 2 
DAY-BY-DAY FINDINGS ( P E R CENTAGES) 
9th day 10th day 11th day 13th day 15th day 17th day 19th day 
Adults .... . . . 88 . 5 83 61. 5 72 81 86 90 
Small . .. . . . .. 6 . 5 4 10 5 . 5 6 . 5 6 3 
Large ........ 3. 5 10 . 5 26.5 21. 5 11 8 7 
Dividing ... .. 1. 5 2 . 5 2 1.0 1. 5 0 0 
Rat weight. ... 21 9 g. 215 g. . . . . . . . . . . . . . . . . . 206 g. 176 g . 168 g. 
specimens were observed among the 200 classified on each of the seven-
teenth and nineteenth days, they could readily be found elsewhere in the 
smears. The rat was killed on the nineteenth day because it was moribund. 
Two similar experiments involving eight male rats were performed 
in which the salicylate (same dosage as above) was started at the end 
of the ninth day. No actual dividing forms were observed at this time, but 
a few to many of the transitional forms, i. e., the large, thick, basophilic, 
nondividing types, were encountered in each smear. At no time could 
dividing forms be found in the stained smears after salicylate administra-
tion started. An almost identical experiment was performed with two 
male rats six days along in the infection, with identical results. Since no 
actually dividing forms could be located in any of the ten rats involved in 
these experiments, it seems to be definitely established that the salicylate 
is not effective unless considerable numbers of them are still in the blood. 
Salicylate administration started after trypanosome population be-
comes adult, or a#er recovery. Following are notes from the protocols 
of experiments performed for the purpose of reinitiating the reproductive 
phase after all division forms are absent from the blood, or after recovery: 
1. Rats lA ~ and 2A 'i1 • Inoculated December 4; weights 95 g. and 
82 g., respectively. Heavy populations of adult trypanosomes persisting 
on February 7; weights 186 g. and 183 g.; daily dosing with 0.08 g. sodium 
salicylate begun. Dosage increased to 0.12 g. on February 15. No division 
forms seen in stained blood smears made every other day to deaths on 
February 27 and 24, respectively. 
2. Rats 3A ~ , 4A ~ , and 5A 'i1 • Inoculated January 14; weights 120 g., 
127 g., and 113 g., respectively. No division forms appearing on tenth 
day, when daily dosing with 0.08 g. salicylate was begun. Examinations 
of stained blood smears on alternate days to February 25 revealed no 
dividing trypanosomes. 
3. Rats 6A ~ , 7A ~ , and BA 'i1 . Inoculated January 22; weights 121 g., 
148g., and 132 g., respectively. Trypanosome counts on tenth day were 
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88,000, 110,000, and 42,000, respectively, per mm.3 of blood; daily dosing 
with 0.08 g. salicylate begun. Stained blood smears made on alternate 
days to February 26 revealed no division forms. 
4. Rats 9A 3 , lOA ~ , llA 3 , and 12A 3 . Inoculated December 4; aver-
age weight 168 g.; infection ensued; blood cleared of trypanosomes by 
February 11. Commencing the latter date each rat received 0.08 g. sali-
cylate daily. Inoculated i. p. with trypanosomes on February 12, 18, 23, 28 
(when rat lOA succumbed). Blood was negative for trypanosomes to 
March 4. Treatment discontinued till March 11, when each survivor, still 
negative, was administered 0.25 g. salicylate through a stomach tube and 
200 million washed trypanosomes via the jugular vein. Tail blood swarmed 
with trypanosomes immediately after injection, but was negative the 
next morning. Thus the administration of salicylate had not broken 
down the host's immunity to reinfection. If the Taliaferroan doctrine is 
correct, the destruction of ablastin would have been masked by the effect 
of the trypanocidal antibody anyhow, unless it too had been destroyed. 
DISCUSSION 
The administration of sodium salicylate at the stated levels and inter-
vals resulted in failure of the immune reaction normally manifested by 
the disappearance of dividing Trypanosoma lewisi from the blood between 
the sixth and tenth days. Success in inhibiting the anti-reproductive 
process was attained also when salicylate was. withheld until the end of 
the fifth day, when dividing forms were still numerous in the blood. 
Administrations begun at the end of either the sixth or ninth days, when 
numerous adult trypanosomes and considerable numbers of transitionals 
were present in the smears, were without success in reinitiating a repro-
ductive phase. Likewise, administrations of salicylate to recovered rats 
did not make for reinfection following reinoculation with adult trypano-
somes. 
The complete interpretation of these phenomena is manifestly im-
possible, though it is clear that the course of the infection was altered by 
prolonging its reproductive phase and that an exaltation of the parasitemia 
resulted. These results were comparable t.o those previously obtained 
from pantothenic acid deficiency. The similarity of results in this and 
the previous investigation suggest, but of course do not prove, that salicy-
late may interfere with the utilization of pantothenic acid in the immune 
reaction. · 
It is attractive to think of the antibody responsible for the anti-
reproductive process as an oxidation enzyme. According to W erkman and 
Wood (17) such an enzyme (or holoenzyme) would consist of a protein 
(apoenzyme) united to a eoenzyme or prosthetic group. The protein 
moiety is ordinarily highly specific. The coenzyme is usually an organic 
compound, although the term has been applied to inorganic ions also. 
Taliaferro (18) states that the reaction product which inhibits the repro-
duction of T. lewisi is a protein, or very closely associated with a protein 
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of the serum globulin. The previously cited work has shown that the 
reproductive phase of T. lewisi infection may be prolonged by withholding 
pantothenate from the rat's diet, and it is shown in the present paper 
that administration of sodium salicylate has the same effect. 
For these reasons we are suggesting as a working hypothesis that 
the antibody which finds expression in the anti-reproductive process is 
an oxidation enzyme, composed of a protein moiety in union with panto-
thenic acid. (The suggestion is made with the full realization of the 
possibility that the observed effects might eventually be shown to be due 
to some other process, such as protein denaturization or interference with 
vitamin K utilization.) The apoenzyme would be a specific protein that 
accumulates in the rat's blood during the first nine days of the infection, 
becoming associated with the coenzyme, pantothenic acid, which is 
normally present. This hypothesis would account for failure or partial 
failure of the anti-reproductive process in rats on diets deficient in panto-
thenate. The blocking of the process with salicylate could be explained 
by this drug masquerading as coenzyme and uniting with the specific 
protein to the practical exclusion of pantothenate, and forming a reaction 
product other than the holoenzyme. The preemptory activity of the 
salicylate occurs when the host is on a normal diet, or even ~hen a 
considerable amount of supplementary pantothenate is fed (unpublished 
experiments). 
Euler (19) has reported that sodium salicylate weakens the affinity of 
apozymase for cozymase. A similar explanation might be applicable here 
also. 
Failure to break down the anti-reproductive principle (holoenzyme), 
once it is formed, with heavy administrations of salicylate is of no special 
weight against the hypothesis, for it is well known that in certain cases 
disassociation of the coenzyme from the protein does not readily occur 
with present methods (V. W erkman and Wood, 17). 
It is unfortunate that our results with salicylate have little bearing 
on the nature of the anti-reproductive process. The observed phenomena, 
however, are not in disagreement with the Taliaferroan doctrine of the 
existence of ablastin, which inhibits reproduction. In this light it could 
be claimed that salicylate prevents the formation of this reaction product 
when heavy doses are administered, and that its formation is slowed down 
when dosages are lighter. Salicylate so far has not affected ablastin or 
trypanolysin, once formed. It is evident from the successive trypanosome 
counts for individual rats together with the high percentage of division 
forms, appearing in Table 1, that terrific destruction of trypanosomes 
(trypanocidal antibody in action?) was occurring in the treated series in 
the face of heavy multiplication and only mild rise in numbers. How the 
Augustinian doctrine of special selectivity of a single trypanocidal body 
for division forms could account for the phenomenon is not clear. 
CONCLUSIONS 
1. Prolonging of the reproductive phase of the Trypanosoma lewisi 
infection and exalted parasitemia may result from the repeated admin-
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istration of sodium salicylate begun on the date of inoculation or at the 
end of the fifth day. 
2. Administration of salicylate commenced at the end of the sixth or 
ninth days, when dividing forms could no longer be located in the blood 
smears with the microscope, did not result in reinitiation of the reproduc-
tive phase. 
3. Recovered rats could not be reinfected following a course of 
salicylate. 
4. The suggestion is advanced that the antibody which is responsible 
for the anti-reproductive process may be in the nature of ari oxidation 
enzyme, one moiety of which is pantothenic acid. 
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18. CRASSULACEAE (Stone-crop Family) 
Mostly fleshy or succulent herbs; flowers regular, borne in cymes; 
sepals, petals, and carpels each 4 or 5, with stamens of the same number 
or twice as many; carpels distinct or nearly so with a small scale at the 
base of each; fruit composed of dry, dehiscent follicles. 
SEDUM L. 
Fleshy herbs with flowers borne in terminal, often one-sided cymes; 
leaves alternate, often imbricate; sepals distinct or somewhat united; 
stamens 8-10, the alternate ones usually attached to the petals; carpels 
4 or 5, distinct or united at the base. (Latin, to sit, in allusion to the habit 
of the plants) . 
lA. P etals united below . ... . .. . ... . ... . ... . .... . .. . ..... .. 1. S. oregonu.m 
2A. Petals distinct. 
lB. Flowers polygamous or dioecious, leaves broad . . . . . . . 2. S. roseu.m 
2B. Flowers perfect, leaves terete . . . . . . . . . . . . . . . . . . . . . . . . 3. S. stenopetalu.m 
1. S . oregonum Nutt. Oregon Sedum 
Gormania oregona (Nutt.) Britt. 
Rootstock rather slender, creeping; stems erect or ascending, often 
curved, 6-15 cm. tall; leaves spatulate-cuneate, glabrous, 8-20 mm. long; 
cymes rather congested, with a leafy involucre; calyx lobes lanceolate, 
about 4 mm. long; petals narrowly lanceolate, acuminate, 10-12 mm. long, 
united about one fourth their length, yellow often tinged rose. 
Southeastern Alaska-northern California. Fig. 583. 
2. S . roseum (L.) Scop. Roseroot. Rosewort 
Rhodiola rosea L. 
Rootstock thick, fleshy or woody, rose-scented; stems leafy, some-
what glaucous, 1-3 dm. tall; leaves oblanceolate or obovate, entire or 
dentate, 1-4 cm. long, the lower ones smaller; petals in the type form 
yellow, in the ssp. integrifolium (Raf.) Hult. (Rhodiola integrifolia Raf.) 
dark reddish purple; follicles erect with widely divergent tips. Var. 
'Preceding parts of the paper were published in this Journal as follows : Part 1, 
Vol. XVIII, pp. 137-175, 1943; Part 2, Vol. XVIII, pp. 381-446, 1944; Part 3, Vol. XIX, 
pp. 133-205, 1946; Part 4, Vol. XX, pp. 213-257, 1946; Part 5, Vol. XX, pp. 297- 347, 1946. 
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frigidum (Rydb.) Hult. (Rhodiola alaskana Rose) averages taller, leaves 
sharply toothed in upper third, drying thin. 
The type form has been collected at Nome, ssp. integrifolia is common 
in most of our area, var. frigidum occurs in the Pacific Coast and Bering 
Sea regions, the species being circumboreal. Fig. 584. 
3. S. stenopetalum Pursh. Narrow-petaled Sedum 
Tufted perennial; rootstock slender, branching; stems 7-18 cm. tail; 
leaves linear, sessile, 5-15 mm. long, imbricate on the sterile shoots; cyme 
3- to 7-forked ; pedicels short; calyx lobes lanceolate; petals yellow, nar-
rowly lanceolate, acuminate, 6-7 mm. long; follicles about 4 mm. long, 
the tips divergent. 
S. Yukon-Sask.-Nebr.-northeastern Calif. Fig. 585. 
19. SAXIFRAGACEAE (Saxifrage Family) 
Ours all herbs, mostly perennial; leaves alternate, rarely opposite, or 
often all basal, usually without stipules; flowers in ours perfect and regu-
lar or nearly so; hypanthium often more or less adnate to the ovary; sepals 
and petals 5 or rarely 4 or the petals wanting; stamens as many or twice 
as many as the sepals except in Tolmiea which has only 3; carpels 1-
several, usually 2, distinct or united; fruit a capsule or composed of folli-
cles. 
lA. Staminoidea present between the stamens . .. .. .... .. ... I . Parn assia 
2A. Staminoidea not present. 
lB. Petals none, low herbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. Chrysosplenium 
2B. Petals usually present. 
IC. Petals fringed or laciniate-lobed. 
ID. Calyx flat at base . ..... . ..... .. . ... . . . . . . ........ 3. Mitella 
2D. Calyx cup-shaped at base . ...... ...... . ...... : . .. 4. Tellima 
2C. Petals entire. 
ID. Stamens 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. Tolmiea 
2D. Stamens 5. 
lE. Capsule !-celled, leaves mostly basal ... . .. .. .... 6. Heuchera 
2E. Capsule 2-celled, stem leafy ......... . . . . . ...... 7. Boykinia 
3D. Stamens 8 or 10. 
IE. Carpels unequal. .. . ........ . .. . .. . .. . ... . .. .. .. 8. Tiarella 
2E. Carpels equal. 
lF. Leaves leathery, carpels nearly distinct .. ... . . . 9. Leptarrhena 
2F. Leaves not leathery, carpels 
more or less united .... . . . . ... ..... . .... . ... 10. Saxifraga 
1. PARNASSIA L . 
Glabrous, scapose perennials; leaves basal, petioled, entire; flowers 
perfect, solitary, terminal, white or yellowish; scapes usually bearing 1 
leaf; sepals and petals each 5; stamens 5, alternating with the petals and 
with 5 clusters of gland-tipped staminoidea; carpels 3 or 4, UJ!ited; ovary 
with 3 or 4 parietal placentae; fruit a 1-celled loculicidal capsule. (Name 
from Mt. Parnassus in Greece.) 
IA. Petals fimbriate on the sides . ... .. . .. . ... .. . .... .. . . . ... 1. P . fimbriata 
2A. Petals entire. 
lB. Petals scarcely equaling the sepals, 3-veined .. .. . .. . . . 4. P . kotzebuei 
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2B. Petals longer than the sepals, 5- to 9-nerved. 
lC. Petals nearly twice as long as the sepals, 
staminoidea, 8-15 in each fascicle . ... . ... ... .. .. .. . 2. P . palu stris 
2C. Petals only slightly exceeding the sepals, 
staminoidea 7- 9 in each fascicle . . . . . . . . . . . . . . . . . . . 3. P. montanensis 
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1. P. fimbriata Konig. Fringed Grass-of-Parnassus 
Leaf-blades reniform to cordate, 2-4 cm. wide; scapes 2-5 dm. tall, 
with 1 sessile leaf above the middle; sepals elliptical, obtuse, about 5 mm. 
long; petals nearly twice as long as the sepals, obovate; staminoidea 5-9 
in each fascicle. 
Central Pacific coast of Alaska-Yukon-Utah-N. Mex.-Calif. 
Fig. S86. 
2. P. palustris L. Northern Grass-of-Parnassus 
Leaves cordate, 1-3 cm. wide; scapes 1-5 dm. tall, bearing a cordate-
clasping leaf below the middle; sepals ovate-lanceolate, strongly veined, 
5-7 mm. long; petals oval, 8- 12 mm. long; capsule ovoid, about 1 cm. long. 
The inland race has more deltoid stem leaves, narrower sepals and 
broader-clawed staminoidea than the type form and has been separated 
as var. neogaea Fern. 
Common in wet places, circumboreal. Fig. 587. 
3. P. montanensis Fern. & Rydb. Montana Grass-of-Parnassus 
Leaves ovate with subcordate or rounded base, 10-20 X 8-18 mm.; 
scapes about 2 dm. tall, the leaf ample, ovate, borne below the middle; 
sepals acute, 7- to 9-veined, 7-9 mm. long; capsule round-ovoid, about 1 
cm. long. 
Yukon-Sask-Mont. 
4. P. kotzebuei C. & S. Kotzebue Grass-of-Parnassus 
Leaves ovate, narrowed, truncate or subcordate at the base, 1-2 cm. 
long; scapes naked or with a leaf near the base, 6-15 cm. tall; sepals 
oblong-lanceolate, 5-6 mm. long, about the same length as the petals; 
staminoidea 3- 5 in each fascicle. 
East Asia-Coronation Gulf-Labr.-Greenl.-Newf.-Wyo. Fig. 588. 
P. parviflora DC. has been reported from Alaska but the reports need 
confirmation. It has leaves with acute bases, the stem-leaf at or a little 
below the middle, petals about the same length as the sepals, and stami-
noidea 5-7 in each fascicle. 
2. CHRYSOSPLENIUM (Tourn.) L. 
Low, glabrous, somewhat succulent herbs usually growing in very 
wet places; leaves petioled, crenate; flowers axillary or terminal; hy-
panthium adnate to the lower portion of the ovary; sepals usually 4; 
petals none; capsule 1-celled with 2 parietal placentae, many seeded; seed 
smooth, shining. (Greek, golden spleen, from reputed medicinal virtues.) 
Stamens 4 . . . . ...... . ............ . . . . .. . . . . ... . . . .. . ... .. .. . 1. C. tetrandrum 
Stamens 8 . . . .... . ..... . . ... .. ......... ... . ... . . .. .. . . . ... . . 2. C. w rightii 
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1. C. tetrandrum Th. Fries. Northern Water Carpet 
A stoloniferous perennial; stems 3-15 cm. tall, bearing several leaves; 
leaf blades reniform or orbicular with 3-5, rarely 7 rounded teeth, trun-
cate to cordate at the base, 4-12 mm. wide; sepals usually 4; stamens 
opposite the sepals; seeds several, brownish red. 
Wet places, circumpolar. Fig. 589. 
2. C. wrightii Franch. & Sav. Bering Sea Water Carpet 
C. beringianum Rose 
Perennial with a rather thick, scaly rootstock; leaves thick, coriaceous, 
3- to 7-lobed witli rounded divisions, the petioles usually with brownish 
hairs; flowering stem short and stout, almost leafless except at apex, many-
flowered, the flowers clustered; sepals short and broad, rounded. 
E. Asia-Yukon-Aleutian Isls. Fig. 590. 
3. MITELL'.A (Tourn.) L. 
Perennials ; leaves cordate, orbicular, or ovate, clustered on a scaly 
rootstock; stems scape-like, naked or with a few leaves; inflorescence a 
simple raceme; hypanthium saucer-shaped, adnate to the ovary; flowers 
white or greenish; petals 5, pectinately pinnatifid; filaments short; ovary 
1-celled with 2 parietal or almost basal placentae; styles 2, very short. 
(Diminutive of Mitra, a cap.) 
Stamens 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. M. pentandra 
Stam ens 10 . . ... .... ... . .. . . ... . . .... .. .. . . .. ... .. ... . . .... . 2. M . nuda 
1. M . pentandra Hook. Alpine Mitrewort 
Pectianthia pentandra (Hook.) Rydb. 
Leaves cordate, crenate, indistinctly lobed, 2-5 cm. wide; 
flowering stem naked or with 1 small leaf, 1-3 dm. tall, hirsute, 
glandular above; racemes lax, the flowers often in pairs; sepals broadly 
triangular; petals cut into 5-9 capillary pinnae; stamens with very short 
incurved filaments and reniform anthers. 
Wet alpine meadows, Kodiak-southeastern Alaska-Colo.-north-
ern Calif. Fig. 591. 
2. M. nuda L. Stoloniferous Mitrewort 
Stoloniferous; flowering stems usually naked, pubescent, 5-20 cm. 
tall; leaves reniform-orbicular, cordate at the base, crenate or doubly 
crenate, 12-40 mm. wide, pubescent with scattered hairs; flowers few, 
greenish ; petals pinnately divided into filiform segments; filaments subu-
late, more than half as long as the sepals. 
Southern Yukon-Newf.-N. S.-Penn. Fig. 592. 
4. TELLIMA R. Br. 
Hirsute perennial; rootstock thick and scaly; leaves palmately lobed, 
parted or divided; flowers in an elongated raceme on a scape-like stem; 
sepals ovate, erect; petals white, purplish, or yellowish, spreading or 
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reflexed, pinnately laciniate; stamens 10, included; carpels 2, ovary 1-
celled with 2 many-ovuled parietal placentae; capsule 2-valved, adherent 
to the base of the hypanthium. (An anagram of Mitella.) 
T. grandiflora (Pursh) Dougl. Fringe Cup 
Leaves cordate or reniform, sparingly hirsute on both sides, shal-
lowly lobed, dentate, 4-10 cm. wide; flowering stems 3-10 dm. long, hir-
sute with long hairs, bearing 2 or 3 leaves; inflorescence 1-3 dm. long, 
glandular; hypanthium cup-shaped, about 8 mm. long. 
Unimak Isl.-southeastern Alaska-Selkirk Mts.-northern Calif. 
Fig. 593. 
5. TOLMIEA Torr. & Gray 
Perennial with a scaly caudex; leaves many, mostly basal, with 
stipules; flowers borne in long terminal racemes; sepals united into a 
long tube split on one side; petals filiform; ovary 1-celled, stipitate, with 
2 equal carpels and parietal plac!=!ntae. (Dr. W. F. Tolmie was a collector 
and surgeon of the Hudson Bay Co.) 
Tolmiea menziesii (Pursh) Torr. & Gray 
Leptaxis menziesii (Pursh) Raf. 
Youth-on-Age 
Basal leaves cordate, acute, cuspidate-toothed, hirsute, ciliate, 2-12 
cm. wide, on long petioles; stems up to 1 m. tall with a few-several leaves; 
flowers on slender pedicels subtended by small fimbriate bracts; petals 
capillary, brown, exerted from the sinuses between the sepals; fruit pro-
truding through the slit on the lower side of the hypanthium. Propagates 
vegetatively by new plants forming in the sinuses of the leaves. 
Southeastern Alaska-Calif. Fig. 594. 
6. HEUCHERA L. 
Perennials with thick, scaly rootstocks; leaves mostly radical, long-
petioled; stems scape-like, bearing racemes or panicles of small whitish 
or purplish flowers; hypanthium adherent to lower portion of ovary, 
often oblique; sepals 5, often unequa( petals 5, small; ovary 1-celled, 
with 2 parietal, many-ovuled placentae; styles 2, slender. (Johann Hein-
rich von Heucher was a German botanist.) 
H. glabra Willd. Alpine Heuchera 
Basal leaves cordate, 5- to 7-lobed, thin and shining, doubly serrate,. 
4-12 cm. long; flowering stems 2-6 dm. tall, 1- to 3-leaved·; panicle lax; 
sepals ovate, scarcely 1 mm. long; petals ovate, clawed, about twice as 
long as the sepals. 
Bering Sea-central Alaska-Selkirk Mts.-Ore. Fig. 595. 
7. BOYKINIA Nutt. 
Glandular-pubescent perennials with thick, scaly rootstocks; leaves 
alternate, petioled; flowers in terminal panicles; hypanthium adnate to 
lower half of ovary; sepals 5, lanceolate or ovate-lanceolate, petals 5, 
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whitish; filaments short; ovary and capsule 2-celled with axial placentae; 
seed numerous, shining, punctate. (Dr. Boykin was a physician of 
Georgia.) 
B. richardsonii (Hook.) Gray Richardson Saxifrage 
Therefon richardsonii (Hook.) O.Kze. 
Plant with large glands raised on thick pedicels, 3-10 dm. tall; leaves 
mostly basal with long petioles and blades reniform to orbicular in out-
line, shallowly lobed and doubly toothed, the margins with prominent 
glands, deeply cordate at the base, 5-15 cm. wide; stem leaves reduced; 
hypanthium campanulate, about 5 mm. long; sepals triangular-ovate, 
4-5 mm. long; petals about 1 cm. long. 
Bering Str.-Arctic coast-Yukon-central Alaska. Fig. 596. 
8. TIARELLA L. 
Perennials with scaly rootstocks; leaves mostly basal, petioled, with 
small stipules adnate to the base; stem!? erect, the flowers small, white; 
hypanthium short-campanulate, nearly free from the ovary; sepals 5, 
ovate or lanceolate, petals 5, clawed or filiform; stamens exerted; carpels 
2, very uneven in fruit , membranous; seed few, smooth. (Diminutive of 
tiara, from the form of the capsule) . 
L eaves trifoliate . ................. . ........ . . . .. . . . .. ....... 1. T . trifoliata 
Leaves not divided ... . .. . ....... . ....... . .. . ... .... ...... .. . 2 . T . unifoliata 
1. T . trifoliata L . Trifoliate Foamflower 
Leaves and upper part of petiole hirsute; leaflets ovate to rhomboid, 
slightly lobed and with mucronate teeth, 2-9 cm. long; flowering stems 
15-50 cm. tall, 1- to 3-leaved, glabrate below, glandular-pubescent above; 
inflorescence a narrow panicle; sepals whitish, scarcely 2 mm. long; 
petals very narrow; valves of capsule in fruit 4-5 and 7-9 mm. long. 
Unga Isl.-southeastern Alaska-Ore. Fig. 597. 
2. T. unifoliata Hook. Unifoliate Foamflower 
Similar to T . trifoliata but tlle leaves broadly cordate, 3- to 5-lobed, 
4-10 cm. wide; lower carpel of fruit twice as wide as the upper one. 
Southeastern Alaska-western Alta.-western Mont.-Calif. Fig. 598. 
9. LEPTARRHENA R. Br. 
Perennial with horizontal rootstock; leaves thick, leathery, crowded 
at the base of the scape; flowers small in a terminal panicle; hypanthium 
flattened; sepals 5, erect; petals 5, white, persistent; filaments subulate; 
carpels 2, united at the base, the tips slightly divergent in fruit. (Greek, 
delicate and male, probably referring to the slender stamens.) 
L. pyrolifolia (D. Don) Ser. Leather-leaf Saxifrage 
Leaves ovate to obovate, glabrous, deep green and shining above, 
pale beneath, obtuse, serrate, narrowed into a short petiole, the blade 3-12 
cm. long; scape with 2 reduced and clasping leaves, glabrous below, 
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glandular-pubescent above; sepals ovate, about 1.5 mm. long; petals 
narrow, longer than the sepals; follicles 6-8 mm. long. 
Wet places, Aleutians-southeastern Alaska-western Mont.-Wash. 
Fig. 599. 
10. SAXIFRAGA (Tourn.) L. 
Perennials with perlect flowers ; hypanthium free or adnate to the 
base of the usually 2-celled ovary; sepals and petals each 5; stamens 10; 
styles short; ovules numerous on axial placentae; Capsule 2-beaked 
(except in one or two species) , many seeded; seed small. (Latin, rock 
and to break, referring to the habitat of many of the species.) 
IA. Leaves opposite, plants matted . ..... . ..... . .. .. . . . ... ... 29. S . oppositifolia 
2A. Leaves alternate or basal. 
IB. Leaves entire, not toothed. 
IC. Flowers not or very slightly rising above the leaves. 
ID. Margins of the leaves ciliate ....... . .. . . . . .. .. .. . . 26. S. eschscholtzii 
2D. Leaves glabrous, not ciliate ... . .. . ........... . .... I9. S. aleutica 
2C. Flowers on elongated stems. 
ID. Stems low, scapose, with I or 2 leaves. 
IE. Flowers yellow .... . . . ... .. . . ... . .... . . . .. , .... . 20. S. serpyllifolia 
2E. Flowers white ........ . . . ............. . ......... 23. S. tolmiei 
2D. Stems taller with several leaves. 
IE. Leaves glabrous, not ciliated ... .. . .. . . .. . ....... 2I. S. hirculus 
2E. Leaves ciliated or pubescent. 
IF. Plants with long flagelliform stolons . . .. .. . .. . 22. S. flagellaris 
2F. Plants without stolons. 
IG. Leaves glabrous with ciliated margins ....... 24. S . bronchialis 
2G. Leaves glandular-pubescent. 
IH. Stems ~ cm. tall ... . .. . .. ... . . ... . ... . .. 5. S. adscendens 
2H. Stems 2--4 dm. tall . .. . ... .. . . ..... . ... .... I6. S. integrifolia 
2B. Leaves toothed or lobed. 
IC. Basal leaves orbicular or reniform as broad as 
long (see also I3. S . lyallii) . 
ID. Flowering stems scape- like. 
IE. Leaves with 3-toothed lobes . ...... . .. . .. ... . . .. 28. S. mertensiana 
2E. Leaves simply toothed. 
IF. Flowers in a narrow spike-like panicle ... . . .. I2. S. spicata 
2F. Flowers in a head-like or corymb-like panicle. 
IG. Leaves small, IO-I5 mm. wide . . ....... . . ... . 27. S. nudicaulis 
2G. Leaves larger ... . . . . . .. . . . . ... ... ... . . .... . .14. S. punctata 
2D. Flowering stems leafy. 
IE. Plants with bulblets, only terminal flower 
developing . . .. .. . . . . . . ......... . . . . . ...... .. . 3. S . cernua 
2E. Lateral flowers developed. 
IF. Petals about I cm. long .. .. ................... 4. S. radiata 
2F. Petals shorter. 
IG. Plants stout, leaves 5- to 8-lobed .... . . .. .. . 1. S . bracteata 
2G. Plants slender, leaves 3- to 5-lobed . . .... ... 2. S. rivularis 
2C. Basal leaves longer than broad (except sometimes in S. lyallii) . 
ID. Leaves 3- .to 5-lobed .. . ... .. . . . .. . . ... .. . .... ... . . 6. S. caespitosa 
2D. Leaves not lobed. 
IE. Basal leaves cuneate-oblong or cuneate-oblanceolate. 
IF. Leaves stiff with 3 acute teeth at apex .. .. . ... 25. S . tricuspidata 
2F. Leaves not stiff with 3 rounded teeth at apex . . 5. S . adscendens 
3F. Leaves with several teeth, bulblets usually present. 
IG. Inflorescence with long ascending branches .. I8. S. ferruginea 
2G. Inflorescence with short, rigid branches . . ... I7. S . foliolosa 
2E. Basal leaves flabellate or cuneate-obovate. 
IF. Filaments clavate, broadest at middle ... . .. . . . I3. S. lyallii 
2F. Filaments subulate. 
IG. Branches of inflorescence short and thick . .. I5. S . unalaschensis 
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2G. Branches of inflorescence longer and 
thinner .. . . ... ..... .. . . . ... .. . ... . . . . . . ... 10. S. davurica 
3E. Basal leaves ovate or oval. 
lF. Flowers in a spike-like panicle .. .. . ..... . . . .. 7. S . hieracifolia 
2F. Flowers paniculate or in terminal cluster. 
lG. Leaves glabrous on both surfaces .. .. . .. .. . . 8. S. nivalis 
2G. Leaves with reddish-brown pubescence 
on lower surface . .... ... .. .. . . . . . . ... . . ... 9. S. rufidula 
3G. Leaves pubescent on both surfaces ... . .. . .. 11. S. reflexa 
1. S . bracteata D. Don. Bracted Saxifrage 
Stems often tufted, pubescent, at least ·above, 3-20 cm. tall; leaf 
blades reniform or orbicular, 1-4 cm. wide, mostly 3- to 7-lobed, those of 
the upper part of stem often 3-lobed and nearly sessile, the basal on long 
petioles, cuneate to cordate at the base with bulblets at the base of the 
petiole; inflorescence rather congested; hypanthium 3-4 mm. long; sepals 
ovate, 3-4 mm. long; petals 5-6 mm. long; fruit 7-8 mm. long. 
East Asia-Bering Str. district-Kodiak Isl. Fig. 600. 
2. S . rivularis L . Alpine Brook Saxifrage 
Stems usually tufted, 1- to 3-flowered, glabrous or finely glandular-
pubescent, 3-9 cm. tall; leaves fan-shaped or reniform, 3- to 5-lobed, those 
of the stem sometimes entire, 3-10 mm. wide; sepals ovate, about 2 mm. 
long, obtuse; petals white or purplish, nearly twice as long as the sepals; 
tips of the fruiting carpels widely divergent. 
Wet alpine situations, circumpolar. Fig. 601. 
3. S. cernua L . Nodding Saxifrage 
Stems slender, ascending, pubescent, 8-25 cm. tall, with bulblets at 
the base; basal and lower stem leaves petioled, reniform, 5- to 7-lobed, 
6-25 mm. wide; upper stem leaves sessile, 3-lobed or entire, bearing bulb-
lets in the axils; flower often nodding; sepals about 3 mm. long; petals 
6-9 mm. long; fruit seldom developing. 
Alpine and circumpolar. Fig. 602. 
4. S. radiata Small. 
Stems more or less glandular-pubescent, 7-20 cm. tall; basal and 
lower stem leaves reniform or orbicular-flabelliform, petioled, 5- to 7-
lobed, 10-22 mm. wide; uppermost stem leaves simple; flowers 2-7, none 
replaced by bulblets; sepals 2-3 mm. long; petals 8-13 mm. long; fruiting 
carpels 7-8 mm. long. 
Bering Sea region of Asia and Alaska-Herschel Isl.-central Yukon. 
Fig. 603. 
5. S . adscendens L. ssp. oregonensis (Raf.) Bacigalupi. 
Wedge-leaved Saxifrage 
Plants tufted, glandular-pubescent, 2-8 cm. tall; basal leaves imbri-
cated, pubescent, oblong-spatulate, entire or with 3 rounded teeth at apex, 
5-15 mm. long; stem leaves often purplish; sepals about 2 mm. long; petals 
white, 3-5 mm. long. 
Rare in Alaska-B.C.-Ore. Fig. 604. 
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6. S. caespitosa L. ssp. sileneflora (Sternb.) Hult. Tufted Saxifrage 
Muscaria sileneflora (Sternb.) Small. 
Densely tufted, glandular-pubescent, with leaves crowded on the 
caudices; leaves 8-18 mm. long, fan-shaped, 3- to 5-lobed at apex, the 
lobes lanceolate to linear; scapes 5-15 cm. tall, 1- to 3-flowered, bearing 
2 or 3 reduced leaves; hypanthium campanulate; sepals ovate, 2-3 mm. 
long; petals white, 4-6 mm. long; fruit 7-10 mm. long. 
This species is circumboreal. Fig. 605. 
7. S. hierac:ifolia Wallst. & Kit. Hawkweed-leaved Saxifrage 
Leaves ovate, narrowed into margined petioles, usually acute, the 
margins ciliolate, toothed, 3-7 cm. long; scapes 1-5 .dm. tall, glandular-
pubescent; inflorescence resembling a bracted, interrupted spike, the 
flowers densely gregarious in the axils of the bracts; sepals triangular-
ovate, 2-3 mm. long; petals purple, narrow, about as long as the sepals; 
fruit purplish, 5-6 mm. long. Var. rufopilosa Hult. has reddish-brown 
hairs on the under surface of the leaves. 
Distribution interrupted circumpolar. Fig. 606. 
8. S. nivalis L. Alpine Saxifrage 
Leaves ovate, crenate-serrate, cuneate at the base, rounded at the 
apex, 1-4 cm. long, purplish beneath; scapes 4-16 cm. tall, several- to 
many-flowered, glandular-pubescent, especially in the inflorescence; 
sepals ovate-triangular, 1.5-2 mm. long; petals white, about 3 mm. long; 
carpels in fruit purplish, about 5 mm. long, the tips divergent. 
Circumpolar. Fig. 607. 
9. S. rufidula (Small) Engl. & lrmscher. Rusty Saxifrage 
Leaves similar to those of S. nivalis or S. reflexa but bright green 
and glabrous or essentially so on the upper surface and densely red-
tomentose beneath; scapes 5-20 cm. tall, somewhat purplish, pubescent 
below, inconspicuously so or glabrate above; sepals glabrous, 2-2.25 mm. 
long; petals white with short claw. 
Has been reported from southeastern Alaska-B. C.-Ore. 
10. S. davurica Willd. ssp. grandipetala (Engl. & lrmscher) Hult. 
Leaves ascending, the blades flabellate, cuneate at the base, coarsely 
several-toothed above, glabrous or nearly so, 1-3 cm. long; scapes 6-16 
cm. tall, somewhat glandular-pubescent; flowers few-several; sepals 1.5-
2 mm. long, purple, reflexed; petals white, up to 5 mm. long; mature 
carpels erect, 6-8 mm. long. 
Eastern Asia-central Alaska. Fig. 608. 
11. S. reflexa Hook. Yukon Saxifrage 
Micranthes yukonensis Small. 
Leaves ovate, coarsely crenate, more or less hirsute or pubescent on 
both surfaces, 15-50 mm. long; scapes usually more than one, 8-45 cm. 
tall, glandular-pubescent, many-flowered; sepals 2-2.5 mm. long; filaments 
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dilated in upper portion; fruiting carpels 3-5 mm. long, the tips divergent. 
Dry situations, B.ering Sea-Northwest Territories. Fig. 609. 
12. S. spicata D. Don. Spiked Saxifrage 
Micranthes gaLacifolia Small. 
Leaves ascending, the blades reniform to oval, 3-9 cm. wide, crenate-
dentate with gland-tipped teeth, cordate at base, with petioles 4-18 cm. 
long; scapes 18-65 cm. tall, glandular-pubescent, the inflorescence spike-
like; s~pals about 2 mm. long, reflexed; petals yellowish, about 4 mm. 
long; fruiting carpels 6-10 mm. long. 
Bering Str.-Yukon-southwestern Alaska. Fig. 610. 
13. S. lyallii Engler. Red-stemmed Saxifrage 
Glabrous below, usually glandular in the inflorescence, 8-30 cm. tall; 
leaves fan-shaped, rounded at the apex, cuneate at the base, regularly 
serrate on the rounded portion, 1-4 cm. wide; scapes several- to many-
flowered; sepals ovate, acute, reflexed, about 2.5 mm. long; petals white, 
about 4 mm. long; styles in fruit moderately divergent. Seems to hybridize 
with S. punctata nelsoniana. 
Alaska Penin.-Alaska Range-Alta.-northwestern Mont.-Wash. 
Fig. 611. 
14. S. punctata L. Brook Saxifrage 
Leaves ascending, the blades suborbicular to reniform, 2-6 cm. wide, 
coarsely several-toothed with crenate or dentate gland-tipped teeth, cor-
date at the base; scapes 1-5 dm. tall; sepals 1.25--2 mm. long; petals 3-4.5 
mm. long, white; fruit purple, 5--8 mm. long. Common and variable, 
represented in our area by 3 local races. . 
Ssp. nelsoniana (D. Don) Hult. (S. nelsoniana D. Don) is character-
ized by the leaves being pubescent on both surfaces. It is found in the 
Bering Sea and Arctic regions eastward. Fig. 612. 
Ssp. pacifica Hult. (S. aestivalis auct.) of the Pacific Coast from 
Unalaska eastward has glabrous leaves sometimes ciliate on the margins 
and decidedly clavats filaments. 
Ssp. insularis Hult. has unusually thick glabrous leaves, linear or 
only slightly clavate filaments, petals usually purplish, the pedicels viscid-
pubescent, and occurs in the Alaska Penin., Aleutian and Shumagin Isls. 
Entire species is circumboreal. 
15. S. unalaschensis Sternb. Unalaska Saxifrage 
Micranthes flabellifolia (R. Br.) Small. 
Leaves ascending, the blades flabellate, ciliate on the margins, glab-
rous or somewhat pubescent on the surfaces, the apex with a few· teeth 
that are usually directed forward, the base narrowed and petiole-like; 
scapes 5-16 cm. tall, sometimes curved, purple, glandular-villous; flowers 
1-9; sepals purple, about 2.5 mm. long; petals white or purplish, about 4 
mm. long; carpels 2-5, in fruit erect and 7-10 mm. long. 
Eastern Asia-Arctic coast-Alaska Penin.-Aleutian Isls. Fig. 613. 
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16. S. integrifolia Hook. Hooker Saxifrage 
Rootstock fibrous-rooted, stoutish; leaves 1-6 cm. long, ovate-elliptic 
to oblong-elliptic, entire or rarely sinuate-crenate, viscid-hirsutulous, 
especially on the upper surface, contracted into short, winged petioles 
below; scapes rather rigid, scabrous, 2-4 dm. tall; inflorescence rather 
narrow; sepals 1.5 mm. long; petals white about 2.5 mm. long; filaments 
subulate; fruit depressed, broad. 
Reported from Buckland R. , Vancouver Isl.-Calif. 
17. S. foliolosa R. Br. Foliose Saxifrage 
S. comosa (Poir.) Britt. 
Leaves crowded on the short caudex, the blades cuneate to oblanceo-
late with 3-5 teeth at the apex, more or less ciliate, 8-25 mm. long; scapes 
often more than 1, simple or branched, 6-22 cm. tall; flowers solitary at 
the end of the scape and often at the end of the branches, the rest of the 
inflorescence developing bulblets or rosules of small leaves; sepals about 
1.5 mm. long; petals white, 4-5 mm. long; carpels in fruit thick, 4-5 mm. 
long. 
Alpine-arctic, circumpolar. Fig. 614. 
18. S. ferruginea Grab. 
S . bongardii Presl. 
S. brunoniana Wall. 
Alaska Saxifrage 
Leaves spatulate or oblanceolate, thick, hirsute on the upper surface 
and on the margins, sharply toothed above the middle, tapering below 
into a ciliate petiole, 2-10 cm. long; scapes 1-4 dm. tall, the inflorescence 
spreading; sepals oblong-ovate, obtuse, 1.5-2 mm. long; petals about 5 mm. 
long, the 3 upper differing from the lower; filaments dilated at the base. 
Var. macounii Engl. & Irmscher has many of the flowers replaced by 
bulblets or rosules. 
Aleutian Isls.-Alta.-Mont.-Ore. Fig. 615. 
19. S. aleutica Hult. Aleutian Saxifrage 
A peculiar, densely caespitose plant about 2 cm. tall; leaves densely 
congested at the end of the branches, fleshy, glabrous, ligulate, entire, 
2-5 mm. long; flowers about 7 mm. in diameter; sepals and petals about 
equal, 2.5 mm. long; filaments filiform; fruit purplish, thick. 
Known only from the high peaks of the Aleutians. Fig. 616. 
20. S. serpyllifolia Pursh. Thyme-leaved Saxifrage 
Tufted; leaves crowded at the base of the stem, linear-spatulate, 
thickish, obtuse, entire, glabrous, 4-8 mm. long; stems 1-flowered, glandu-
lar, 2-6 cm. tall, with 1-3 reduced leaves; sepals ovate, about 2 mm. long; 
petals bright yellow, 4-7 mm. long; filaments subulate; fruit 5-7 mm. long. 
Var. purpurea Hult. has purplish petals. 
Northern Asia-C. Lisburne-Alaska Range-southern Yukon-
southeastern Alaska-Aleutians. Fig. 617. 
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21. S. hirculus L. Yellow Marsh Saxifrage 
Leptasea alaskana Small. 
Basal leaves numerous, linear-oblong or linear-ovate, glabrate, entire, 
1-4 cm. long; stems leafy, more or less pubescent with brown hairs, 8-25 
cm. tall, mostly I-flowered; sepals ciliate, 3-5 mm. long; petals y~llow, 
8-14 mm. long; carpels in fruit 8-15 mm. long. 
Circumpolar with interruptions in distribution. Fig. 618. 
22. S. flagellaris Willd. Flagellate Saxifrage 
Basal leaves densely crowded, cuneate-spatulate, margined and 
tipped with spines, 6-16 mm. long, with many filiform runners from their 
axils; stems 4-15 cm. tall, glandular-pubescent, several-leaved, 1- to 5-
flowered; sepals obtuse, glandular, ciliate, 3.5-5 mm. long; petals bright 
yellow, 7-11 mm. long. 
Alpine-arctic, circumpolar. Fig. 619. 
23. S. tolmiei T. & G. Tolmie Saxifrage 
Stems leafy, trailing, glabrous, 3-10 cm. long; leaves evergreen, .obo-
vate, firm, often grooved above, the margins revolute, 4-9 mm. long; 
scapes 3-9 cm. tall, 1- to 4-flowered, glandular-pubescent; sepals obtuse, 
2-2.5 mm. long; petals white, sometimes pinkish, 3-4 mm. long; fruiting 
carpels 7-10 mm. long. 
Wet alpine, central Alaska-Calif. Fig. 620. 
24. S. bronchialis L. ssp. funstonii (Small) Hult. Spotted Saxifrage 
Leptasea funstonii Small. 
Tufted; leaves of the caudices crowded, persistent for several years, 
more or less parchment-like, linear or oblong-lanceolate with spines along 
the edges and tip, 6-12 mm. long; scapes with a few reduced leaves, 5-15 
cm. tall, several- to many-flowered; sepals about 2 mm. long, glabrous or 
ciliate; petals cream-colored or yellow, spotted, 5-7 mm. long; fruiting 
carpels 8-10 mm. long. Var. cherlerioides (D. Don) Engl. of eastern Asia 
and the Aleutians is a form with short, very congested leaves, stems 1-4 
cm. tall, petals whitish, 3 mm. long, fruit 3-4 mm. long. 
Eastern Asia-Yukon, type form Eurasian. Fig. 621. 
25. S. tricuspidata Retz. Three-toothed Saxifrage 
Tufted; leaves of the caudices densely crowded, persistent, parch-
ment-like, oblong or spatulate, with 3 sharp teeth at the apex and short-
ciliate on the margins, 7-20 mm. long; scapes bearing several reduced 
leaves and several-many flowers; petals white or cream-color, about 
6 mm. long; fruit 5-7 mm. long. 
Most of Alaska-Ellesmereland-Greenl.-n. shore of L. Superior. 
Fig. 622. 
26. S. eschscholtzii Sternb. Ciliate Saxifrage 
Densely matted; leaves crowded, persistent, parchment-like, obovate 
with ciliate margins, concave above, convex· below, about 1 mm . . wide 
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and 1.5-2 mm. long; sepals ciliate, about 1 mm. long; petals none; fila-
ments subulate; fruit 2-3 mm. long on peduncles 5-15 mm. long. 
Rocky alpine, northeastern Asia-Arctic coast-central Alaska-
Alaska Penin. Fig. 623. 
27. S. nudicaulis D. Don. Naked-stemmed Saxifrage 
Leaf blades 10-25 mm. wide, reniform, cuneate to cordate at the 
base, 3- to 9-lobed, the lobes triangular to ovate, acute or apiculate; 
stipules 4-7 mm. long, ciliate; scapes 6-18 cm. tall, few- to several-
flowered, the branches subtended by bracts; sepals triangular to lanceo-
late, 1.5-3 mm. long; petals white, 4-5 mm. long; fruit about 5 mm. long. 
Bering Sea region and eastern Asia. Fig. 624. 
28. S . mertensiana Bong. Wood Saxifrage 
Leaves 3-10 cm. wide, suborbicular with deeply cordate base, glab-
rate, shallowly lobed, the lobes usually with 3 rounded, gland-tipped 
teeth; scapes 2-4 dm. tall, glandular-pubescent, especially above, panicu-
lately branched, the many flowers, except the terminal ones, usually re-
placed by bulblets; sepals 2-3 mm. long, reflexed; petals white, 3-4 mm. 
long; filaments clavate. 
Central Alaska-western Mont.-n01:thern Calif. Fig. 625. 
29. S. o;ppositifolia L. Purple Mountain Saxifrage 
Antiphylla oppositifolia (L.) Smali. 
Tufted, densely leafy, prostrate; leaves 4-ranked, imbricated, keeled, 
ciliate, obovate to spatulate, 3-5 mm. long; flowers solitary on leafy stalks 
up to 3 cm. long; sepals ovate, ciliate, 2.5-3 mm. long; petals purplish, 
rarely whitish, about 8 mm. long; fruiting carpels 8-10 mm. long. 
Rocky slopes, circumpolar. Fig. 626. 
20. GROSSULARIACEAE (Gooseberry Family) 
Shrubs; leaves palmately veined, usually lobed, petioled; flowers 
racemose or solitary, regular, perfect; sepals and the small petals each 5, 
rarely 4; stamens 5, alternate with the petals; carpels 2, united into a 
1-celled ovary with 2 parietal placentae; styles 2; fruit a berry. 
RIBFS L. 
Characters of the family. (Arabic name for Rheum ribes) . 
lA. Racemes 1- to 3-flowered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. R. ox ycanthoides. 
2A. Racemes several- to many-flowered. 
lB. Stems with spines or prickles . . .... . .......... . . .. . . . . 2. R. lacustre 
2B. Stems unarmed. 
lC. Racemes 12-30 cm. long ... . ... . ....... . ... . ... . . . . . . 3. R. bracteosum 
2C. Racemes less than 10 cm. long. 
lD. Ovary and fruit smooth, fruit red . . ... . ... . .... . . . 8. R. triste 
2D. Ovary and fruit glandular. 
lE. Lower surface of leaves with resinous glands. 
lF. Fruit glabrous . .. . .... .. . ... ... . . . .... . . .. ... . 4. R. lj,u dsonianum 
2F. Fruit puberulent ...... . .... . .. .. ...... ... . . . . . 5. R. howellii 
2E. Leaves not glandular, fruit prickly with stalked glands. 
lF. Fruit black with bloom . .............. . . .. .. .. 6. R. laxiflorum 
2F. Fruit red .. ... . ... . ..... . . . . .. . .. ... .... . . . ... 7. R. glandulosum 
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1. R. oxycanthoides L. Northern Gooseberry 
Grossularia oxycanthoides (L.) Mill. 
Stems usually less than 1 m. tall, usually bristly, with nodal spines 
hardly 1 cm. long; leaves 2-4 cm. wide, cordate to widely cuneate at the 
base, more or less pubescent; peduncles and pedicels short, pubescent; 
sepals white, glabrous, 2.5-4 mm. long; petals two-thirds as long as the 
sepals; berry reddish-purple when ripe, about 1 cm. in diameter and of 
good quality. 
Yukon-Newf.-Mich.-B. C. Fig. 627. 
2. R. lacustre (Pers.) Poir. Swamp Gooseberry 
R. echinatum Lindl. 
Stems 1-2 m. tall, more or less prickly and spiny; leaves pentagonal 
in outline, 5- to 7-lobed, incised-dentate, 2-7 cm. wide; petioles bristly-
ciliate; flowers light green or purplish; berries black, glandular-hispid. 
This species is intermediate between gooseberries ' and currants. The 
fruit is used to limited extent. 
Alaska Penin.-central Alaska-Labr.-Newf.-Penn.-north Calif. 
Fig. 628. 
3. R. bracteosum Dougl. Blue Currant 
Stems l!....3 m. tall with thick twigs; leaves c:ordate-orbicular in out-
line, 5- to 7-lobed, the lobes acute or acuminate, irregularly serrate with 
gland-tipped teeth, resinous-dotted beneath, 6-20 cm. long and wide; 
racemes with foliaceous lower bracts; flowers greenish-white; berries 
resinous-dotted, black with whitish bloom, 7-10 mm. in diameter, the 
aroma similar in an intensified degree to that of the black currant formerly 
grown in gardens. 
South central Alaska-north Calif. Fig. 629. 
4. R. hudsonianum Rich. Northern Black Currant 
Stems 5-15 dm. tall with light gray twigs; leaves reniform-cordate, 
broader than long, 3- to 4-lobed, coarsely dentate, resinous-dotted and 
villous beneath; racemes 3-6 cm. long; bracts setaceous, villous, about 
equaling the pedicels, deciduous; flowers whitish; berry black, 5-10 mm. 
in diameter, scarcely edible. 
West Alaska-Hudson Bay-Minn.-B. C. Fig. 630. 
5. · R. howellii Greene. Maple-leaved Currant 
R. acerifolium Howell not C. Koch. 
Resembling the preceding species in general appearance but the 
leaves thinner and more maple-like; racemes reflexed with upturned, 
puberulent pedicels; sepals 3-4 cm. long, obtuse; anthers much larger 
than in R. hudsonianum. The plant from Hyder differs from the type in 
long pedicels and sessile or nearly sessile glands on the ovary. It may be 
distinct. ·, 
?yder-Oregon. 
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6. R. laxiflorum Pursh. Trailing Black Currant 
Stems more or less decumbent, 5-20 dm. long; leaves nearly orbicu-
lar in outline, cordate, rather deeply 5-lobed, glabrous above, puberu-
lent on the veins beneath, 5-10 cm. wide, the lobes acute, doubly serrate; 
racemes erect or ascending, 6- to 12-flowered, 6-10 cm. long, pubescent 
and glandular. The berry has a fetide odor but is often used. 
Kenai Penin.--central Alaska-northern Calif. Fig. 631. 
7. R. glandulosum Grauer. Fetid Currant 
R. prostratum L'Her. 
Similar to R. laxiflorum in habit and leaf characters; odor very fetid; 
racemes ascending, 7- to 10-flowered, puberulent; pedicels and hypan-
thium glandular-bristly; berries red, 6-8 mm. in diameter. 
Central Alaska-Labr.-Newf.-N. Car.-Wisc. 
8. R. triste Pall. American Red Currant 
Stems 5-15 dm. tall with reddish-brown, shreddy bark on the twigs; 
leaves reniform-cordate, 3- to 5-lobed, dentate, glabrous above, glabrate 
or pubescent beneath, 3-10 cm. wide; flowers purplish; racemes 3-6 cm. 
long; fruit similar in every way to that of the cultivated garden currant. 
Northern Asia-Kobuk River-Labr.-Newf.-Mich.-Ore. Fig. 632. 
21. ROSACEAE (Rose Family) 
Herbs, shrubs or trees; leaves alternate, usually with stipules; flowers 
regular, usually perfect but sometimes monoecious or dioecious; hypan-
thium well developed, ranging from flat with ovaries superior to elon-
gated and enclosing the ovaries; sepals and petals each usually 5, the latter 
sometimes wantingi stamens 1-many, often 20; carpels 1-many, usually 
distinct; ovules !-several in each carpel; fruit various. 
lA. Ovary superior. 
lB. Carpels 1, becoming a drupe. . . . . . . . . . . . . . . . . . . . . . . . . . 1. Pru nus 
2B. Carpels 3-5, becoming dehiscent follicles. 
lC. Carpels more or less united below, shrub . .... .. .... . 2. Physocarpus 
2C. Carpels distinct. 
ID. Flowers dioecious, tall herb . .. .. . . ... . . . . . . . . . . . . 5. Aruncus 
2D. Flowers perfect. 
lE. Leaves simple, shrubs . . . . .... . ... . . .. ..... . .. .. . 3. Spiraea 
2E. Leaves twice or thrice 3-cleft . . . . . . . . .... . ...... 4. Luetkea 
3B. Carpels becoming druplets . . .. . . .. .. ..... . . .. .. . . ... . .. 6. Rubu.s 
4B. Carpels becoming achenes. 
lC. Carpels enclosed in the hypanthium which becomes 
fleshy in fruit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. Rosa 
2C. Carpels not enclosed. 
lD. Achenes borne on a receptacle which becomes 
fleshy in fruit . . . ...... .. . .. . . .. . .. . ..... . . . ... . 8. Fragaria 
2D. Achenes' borne on a dry receptacle. 
lE. Style articulate with the 'ovary and deciduous. 
lF. Stamens numerous ...... . .. . . . . .. ..... . . .. .... 9. Potentilla 
2F. Stamens 5. 
· 1G. Leaves trifoliate ... .. . .. .. .. . . ......... ... .. 10. Sibbaldia 
2G. Leaves 2- to 3- ternate .. ... . ...... . .. . .. . . . 11. Chamaerhodos 
2E. Styles persistent. 
lF. Flowers borne in a dense spicate or capitate 
inflorescence .. . . . .. .... . . . ... . . . .. . .. . .. .. . . 14. Sanguisorba 
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2F. Flowers borne singly or in an open inflorescence. 
lG. Leaves simple ...... .. ........... .... ....... 12. Dryas 
2G. Leaves pinnate ... . ..... .. ..... . ... .... . . .. . 13. Geum. 
2A. Ovary inferior. 
lB. Leaves pinnate . . .. .. . . . .. . .. . .. . . . .... . . . ... . . .. . ... .15. Sorbus 
2B. Leaves simple. 
lC. Ripe carpels bony .. .. . ............. . ..... . ... .. .. . .18. Crataegus 
2C. Ripe carpels papery or leathery. 
lD. Cavities of the ovary as many as the pistils . .. . .. .. 16. Malus 
2D. Cavities of the ovary twice as many as the pistils .. 17. Amelanchier 
1. PRUNUS 
Shrubs or trees; leaves simple, alternate, toothed; flowers perfect, 
in our species borne in racemes on leafy branches; sepals 5, imbricate; 
petals 5, imbricate; stamens 15-30, the filaments filiform and distinct; 
fruit with a fleshy exocarp and smooth bony stone. (Latin name.). 
P. melanocarpa (A. Nels.) Shafer. Rocky Mountain ~ild Cherry 
Shrub or small tree; leaves glabrous, obovate or oval, usually abruptly 
acuminate at the apex and rounded at the base, paler beneath; flowers 
white, 1 cm. or less broad; fruit purple or black, 6-8 mm. in diameter, 
sweet or slightly astringent. 
Liard Hot Springs-N. Dak.-N. Mex.-Calif. 
2. PHYSOCARPUS Maxim. 
Shrubs with exfoliating bark; leaves palroately lobed; flowers in 
terminal corymbs; hypanthiuro campanulate, 5-hbed, stellate-pubescent; 
sepals persistent; petals white, spreading; stamens 20-40; follicles opening 
along both sutures; seed 2-4, obliquely pear-shaped, shining. (Greek, 
bellows or bladder and fruit.) 
P. capitatus (Pursh) Kuntze. Pacific Ninebark 
1-5 m. tall; leaves 3- to 5-lobed, the lobes incised or doubly serrate, 
sparingly pubescent or glabrate above, sometimes stellate-pubescent 
beneath, 3-7 cm. long and about as wide; inflorescence rather dense; petals 
3-4 mm. long; carpels 8-10 mm. long, ovate, rather long-acuminate. 
Southeast Alaska-Idaho-central Calif. 
3. SPIRAEA 
Leaves without stipules; flowers small, in racemes, corymbs, or 
panicles; hypanthiuro campanulate or turbinate; sepals ~; petals 5; 
stamens many; carpels usually 5, inserted at the bottom of the hypan-
thium; ovules 2-several; fruit composed of leathery follicles which open 
along the ventral suture; seeds linear, tapering to both ends. (Greek, 
to twist, referring to the follicles of some specie.s.) 
Inflorescence conic or spike-like, petals pink ..... . .. . ....... 1. S. menziesii 
Inflorescence flat to hemispherical, flowers white ... . .. . .. ... 2. S. beauverdiana 
1. S. menziesii Hook. Menzies Spiraea 
An erect, branched shrub 10-15 dm. tall with reddish-brown twigs; 
leaves elliptic to oval, the wider forms being on the more vigorous growth, 
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serrate on the upper half, acute to rounded at either end, glabrous, or 
pubescent on the veins, 3-8 cm. long; inflorescence very dense, spike-like, 
4-15 cm. long, pubescent; sepals ovate, reflexed; petals rose pink, 1.5 mm. 
long; follicles glabrous. 
Southeast Alaska-Idaho-Ore. Fig. 633. 
2. S. beauverdiana Schneid. Beauverd Spiraea 
S. stevenii (Schneid.) Rydb. 
3-12 dm. tall, with reddish twigs; leaves oblong to ovate, glabrate, 
serrate from near the base, usually rounded at both ends, 2-5 cm. long; 
inflorescence 2-4 cm. across, puberulent; sepals ovate, acute, reflexed; 
petals white, about 1.5 mm. long; follicles puberulent. 
East A5\a-all of Alaska-Mackenzie. Fig. 634. 
4. LUETKEA 
Decumbent or creeping undershrub with stoloniferous branches; 
leaves twice or thrice ternately dissected; flowers borne in a raceme; hy-
panthium hemispheric; sepals and petals each 5; stamens about 20, the 
filaments subulate and connate at the base; carpels usually 5; ovules sev-
eral; follicles coriaceous, dehiscent by both sutures; seed linear-lanceolate, 
acute. (Count F . P . Luetke was commander of a Russian exploring expe-
dition.) 
L . pectinata (Pursh) Kuntze. Luetkea 
Flowering shoots glabrate below, pubescent above, 5-15 cm. high; 
l~aves crowded at the base of the flowering shoots, alternate above, 
glabrate, dissected into linear, acute divisions, 1-2 cm. long; racemes 
1-5 cm. long; sepals ovate-lanceolate, acute, about 2 mm. long; petals 
white, 3 mm. or more long; carpels about 4 mm. long. 
Alpine meadows, Bering Str.-Canadian Rockies-Ore. Fig. 635. 
5. ARUNCUS (L.) Adans. 
Perennials with thick rootstocks and twice to thrice ternate-
pinnate leaves without stipules; inflorescence a large panicle, the divisions 
spicate; flowers dioecious; sepals ·5, triangular; petals 5, narrow, white; 
carpels 3-5; ovules several; follicles cartilaginous, dehiscent along the 
ventral suture, then splitting at the apex, reflexed; seeds few. (Greek, 
meaning goat's beard.) 
A. vulgaris Raf. Goat's Beard 
A . sylvester Kost. 
A . acuminatus (Dougl.) Rydb. 
Stem stout, glabrous, 1-2 m . tall; leaves large; leaflets lanceolate, 
irregularly and doubly serrate, long-acuminate, 3-12 cm. long; panicles 
terminal and axillary, 1-5 dm. long; flowers small; follicles about 3 mm. 
long. \. 
Widely distributed in Europe, Asia, and North America. Fig. 636. 
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6. RUBUS (Tourn.) L. 
Perennial herbs, shrubs or trailing vines, often prickly; leaves alter-
nate, simple or pinnate; in.florescence axillary or. terminal, the flowers 
solitary, racemose or panicled, regular, perfect or dioecious; stipules 
adnate to the petioles; sepals 5, persistent, petals 5, deciduous; stamens 
many, distinct; carpels few to many, inserted on a convex or elongated 
receptacle; fruit composed of few to many fleshy druplets. (Latin, ruber, 
red.) 
lA. Herbaceous plants. 
lB. Flowers white. 
lC. Leaves simply lobed .. ... . .. .... .. . ... . .. . ... .. . . ... 1. R. chamaemorus 
2C. Leaves 3-foliate .... ...... ...... . ..... . . ... . ....... . 2. R . pubescens 
3C. Leaves 5-foliate ... . . . . . ... . . .. ..... . .. . . .... .. ..... 3. R. pedatus 
2B. Flowers pink or red. 
lC. Leaves 3-lobed ..... .... ..... . ... .. .. .. . . . ...... . .. . 4. R. stellatus 
2C. Leaves 3-foliate. 
lD. Stem smooth, leaflets small ........... . . . . . ....... 5. R. arcticus 
2D. Stem glandular-hairy, leaflets larger .. ... ... .. . ... 6. R. alaskensis 
2A. Stems woody. 
lB. Stems biennial. 
lC. Stems bristly ....................................... 7. R. strigosus 
2C. Stems prickly ... . . . . ... . . ... . . . . ... .... .. ......... . 8. R. leucodermis 
2B. Stems perennial. 
lC. Leaves simple . ... ... ......... . . .. . . .. . ... ..... ..... 9. R. parviflorus 
2C. Leaves compound .................................. 10. R. spectabilis 
1. R. chamaemorus L. Cloudberry. Baked-apple Berry 
Erect from a creeping rootstock, 5-20 cm. tall; leaves 2 or 3, reniform 
with 3 or 5 rounded lobes, rugose, 3-10 cm. wide; stipules ovate, obtuse; 
flowers solitary, dioecious; sepals ovate, glandular pubescent; petals 
white, obovate, 8-12 mm. long; fruit composed of 6-18 rather large drup-
lets the color of a baked apple when ripe and prized by the Indians and 
Eskimo. 
Circumpolar, south to Newf.-N. Hamp.-Vancouver Isl. Fig. 637. 
2. R. pubescens Raf. Dwarf Red Blackbercy 
Stems slender and with trailing shoots 1-10 dm. long; leaves ternate, 
rarely quinate; leaflets 2-9 cm. long, the lateral obliquely ovate, the termi-
nal rhomboid, sharply and doubly serrate; flowers 1-3; petals small, white 
or pink; sepals pubescent, reflexed; droplets few, large, red. 
Watson Lake-Newf.-New Jersey-Colo.-B. C. 
3. R. pedatus Smith. Five-leaved Bramble 
A slender trailing vine rooting at the nodes, glabrate; flowering 
branches very short, 2- to 4-leaved; leaves 3-foliate but the lateral leaflets 
so deeply cleft as to appear 5-foliate; leaflets thin, obovate or rhombic, 
irregularly toothed and incised, 1-3 cm. long; stipules ovate, small; flowers 
usually solitary; sepals foliaceous, ovate-lanceolate; petals white, ovate-
oblong, 1 cm. or less long; fruit composed of 1-6 red, oblong druplets. 
Woods, climbing over moss or logs, eastern Asia-Yukon-Mont.-
Ore. Fig. 638. 
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4. R. stellatus Smith. N agoon Berry 
Plant low, 5--15 cm. tall from a spreading rootstock, simple or branched 
from the base; leaves reniform in outline, 3-lobed, sometimes divided to 
near the base, simple or doubly serrate, cordate at the base; tipules obo-
vate, acuminate, strongly veined; flowers solitary; sepals lanceolate, acute, 
pubescent and often toothed; petals rose-red, clawed, 15--20 mm. long; 
fruit of high quality, composed of about 15-25 red druplets to which the 
calyx strongly adheres. 
Wet places in coastal districts and occasionplly in interior, East Asia-
B. C. Fig. 639. 
5. R. articus L. Nagoon Berry. Kneshenaka 
R. acaulis Michx. 
Like R. stellatus in habit and fruit; less than 1 dm. tall in exposed 
places, or to 25 cm. tall in sheltered situations; leaves 3-foliate; terminal 
leaflet ovate to rhombic, unevenly serrate, 2-4 cm. long; lateral leaflets 
oblique; flowers 1-3; petals dark rose to red; druplets 20-40, red. R 
acaulis was the name applied to a dwarf form with more rounded leaflets 
and the hypanthium part of the calyx glabrous or nearly so, the corre-
sponding part in typical R. articus being glandular-hairy. Intermediate 
forms occur. 
Circumpolar, south to north Minnesota. Fig. 640. 
6. R. alaskensis Bailey. Alaska Bramble 
Stems 2-5 dm. tall, often woody at tlie base, 1- to 3-fl.owered, pubes-
cent; leaves mostly 3-foliate, the petioles pubescent; terminal leaflet 
broadly ovate, serrate-dentate, thinly pubescent beneath, 4-8 cm. long; 
lateral leaflets similar but oblique; sepals narrow, 10-15 mm. long, be-
coming reflexed; petals pink, broadly spatulate, 12-18 mm. long. 
Curry-Matanuska-southeastern Alaska. Fig. 641. 
7. R. strigosus Michx. American Red Raspberry 
R. idaeus L. var. canadensis Rich. 
R. idaeus L. ssp. sachalinensis (Levl.) Focke. 
R. subarcticus Rydb. 
Canes 6-12 dm. tall, brownish red, densely coveted with both roi{gh 
and fine bristles; leaflets 3-5, irregularly and doubly serrate, whitish-
pubescent beneath; stipules very narrow and deciduous; petioles and 
peduncles more or less glandular; sepals triangular-lanceolate, glandular-
pubescent; petals white, about 5 mm. long; fruit composed of red druplets, 
elongate-hemispheric. 
Across N. America, south to Conn.-Colo.-B. C., ?eastern Asia. 
Fig. 642. 
8. R. leucodermis Dougl. Western Black Raspberry 
Stems 1-2 m. tall, glaucous, armed with stout, fl.at prickles; leaflets 
3-5, ovate to lanceolate, doubly serrate, white-tomentose beneath, the 
veins and petioles prickly; sepals lanceolate, long-acuminate, in fruit 
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spreading or reflexed; petals white, shorter than th~ sepals; fruit usually 
dark with white bloom and agreeable flavor. 
Southeast Alaska-Mont.-Utah-Calif. 
9. R. parviflorus Nutt. Thimbleberry 
R. nutkanus Moc. 
An unarmed shrub with shreddy bark, 6-16 dm. tall; leaves penta-
gonal in outline, 3- to 7- but mostly 5-lobed, coarsely and unevenly ser-
rate with gland-tipped teeth, 7-20 cm. wide; sepals broadly ovate, 
abruptly narrowed into a long, slender appendage; petals white, 16-25 mm. 
long; fruit convex, red, composed of numerous small druplets. 
Southeastern Alaska-S. Dak.-N. Mex. Fig. 643. 
10. R. spectabilis Pursh. Salmonberry . 
Usually more or less prickly, 1-4 m. tall, the bark yellowish-brown 
and exfoliating; leaflets 3, usually more or less lobed, the lateral ones 
unsymmetrical, coarsely and unevenly serrate, 2-12 cm. long; stipules 
linear or subulate, pubescent; flowers solitary; sepals deltoid-lanceolate, 
pubescent; petals red, 16-22 mm. long; fruit varying from yellow to dark 
red, 16-25 mm. in diameter, composed of 20-40 druplets. 
East Asia-Idaho-Calif. Fig. 644. 
7. ROSA (Tourn.) L . 
. 
Erect or climbing shrubs; leaves alternate, pinnate; leaflets serrate; 
stipules adnate; flowers perfect, pink in our species; hypanthium well 
developed, elongated upward, contracted at the mouth and enclosing the 
achenes, becoming fleshy in fruit ; sepals usually 5; petals normally 5 but 
may be numerous by transformation of stamens; stamens numerous, 
inserted on the margin of the hypanthium; carpels numerous, borne on 
the base and sides of the hypanthium; achenes bony. (The Latin name.) 
lA. Fruit 1 cm. or less in diameter• ....... . ... .. .... . ..... . .. 3. R . woodsii 
2A. Fruit more than 1 cm. in diameter. 
lB. Stems with numerous terete prides ........ . ......... . 1. R. acicularis 
2B. Stems with few flattened prickles ... . ..... . ... .. .. . .. . 2. R. nutkana 
1. R. acicularis Lindl. Prickly Rose 
Bushy, 3-12 dm. tall, usually armed with moderately strong spines 
interspersed with weaker ones; stipules pubescent and with glandular 
margins; leaflets 3-9, usually 5, elliptic or oval, regularly serrate, 15-55 
mm. long, glabrous above, pale and pubescent beneath; hypanthium glab-
rous, pyriform, or elliptic to nearly globose, usually with a neck; sepals 
pubescent, glandular along the margins of the usually more or less foliose 
tips; petals obcordate, rose pink, 2-3 cm. long; fruit edible. Sometimes 
hybridizes with the next species. 
Has an interrupted circumboreal distribution south to Mass.-
Penn.-Colo. Fig. 645. 
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2. R. nutkana Presl. Nootka Rose 
R. aleutensis Crepin. 
Stems stout, erect, 6-25 dm. tall, usually armed with paired straight 
or slightly curved prickles; stipules and leaf-rachis glandular, the stipules 
with glandular-dentate margins; leaflets 5-9, more or less double-serrate, 
usually rounded at both ends, 15-50 mm. long; sepals 15-30 mm. long, 
petals typically rose pink, 20-35 mm. long; fruit glabrous, typically glo-
bose and neckless. · 
Coastal districts, Aleutians-Calif. Fig. 646. 
3. R. woodsii Lindl. Woods Rose 
Bushy, 5-15 dm. tall, armed with numerous prickles 4-8 mm. long; 
stipules narrow below the spreading tips, leaflets 5-9, obovate, somewhat 
cuneate at the base, slightly petioluled, serrate, glabrous, the under 
surface glaucous, 1-2 cm. long; flowers solitary or 2 or 3 together; sepals 
lanceolate, caudate-attenuate, about 15 mm. long, usually glabrous on the 
back, tomentose on the margin and within; fruit globose or nearly so. 
Circle Hot Springs-Alta.-Minn.-Kans.-Utah. Fig. 647. 
8. FRAGARIA L. 
Acaulescent perennials with thick, scaly rootstocks propagating by 
runners which root at the joints; bractlets·, sepals, and petals each usually 
5; flowers usually white; stamens about 20; receptacle hemispheric or 
conic, bearing the numerous carpels and becoming enlarged and fleshy 
in fruit; styles filiform but short and attached near the middle of the 
ovaries. (Latin, signifying fragrance.) 
lA. Leaves thick and coriaceous ............................ 1. F. chiloensis 
2A. Leaves thinner. 
lB. Pubescence of stems and petioles spreading or slightly 
reflexed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. F. bracteata 
2B. Pubescence ascending or appressed ................... 3. F. glauca 
1. F. chiloensis (L.) Duch. Beach Strawberry 
Rather stout; petioles, peduncles and inflorescence silky-pubescent 
with spreading or reflexed hairs; leaflets thick, cuneate-obovate or the 
lateral rhombic, crenate-dentate, rugose above, silky-pubescent beneath, 
2-4 cm. long; peduncles shorter than the leaves; sepals acuminate; flowers 
2-3 cm. broad; fruit ovoid, up to 25 mm. long, soft and sweet; achenes 
nearly superfical. 
Near the coast, Aleutians-Calif.-Peru-Patagonia, and in Hawaii. 
Fig. 648. 
2. F. bracteata Heller. Bracted Strawberry 
Rootstock short; leaves thin, silky when young, nearly glabrous in 
age; leaflets broadly ovate, coarsely serrate, 2-4 cm. long; scapes slender, 
equaling or exceeding the leaves, usually with a unifoliate bract; flowers 
15-20 mm. broad; sepals triangular-lanceolate, longer than the lanceolate 
bractlets, very acute; fruit ovoid, the achenes nearly superfical. 
Hyder-Mont.-N. Mex.-Calif. Fig. 649. 
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3. F. glauca (Wats.) Rydb. Yukon Strawberry 
F. yukonensis Rydb. 
F. platypetala of reports from Alaska. 
Rather slender; petioles and peduncles appressed-villous; leafilets 
rather thin, obovate, cuneate at the base, sharply and deeply toothed, 
glabrous above, appressed silky beneath, 15-55 mm. long; scapes leafy-
bracted, usually shorter than the leaves; flowers less than.15 mm. wide; 
fruit subglobose, about 1 cm. in diameter; achenes in shallow pits. 
Central Alaska-Gt. Slave L .-Black Hills-N. Mex. Fig. 650. 
9. POTENTILLA L . 
Herbs or rarely shrubs with alternate, compound leaves; flowers 
regular, perfect; hypanthium concave to hemispheric; bractlets, sepals 
and petals each 5; stamens usually many; receptacle hemispheric or conic, 
bearing many carpels; styles terminal or lateral; fruit composed of many 
achenes on a dry receptacle. (Latin, powerful, from medicinal properties 
of some species.) 
IA. Petals purple, short. (Comarum L.) ... . ................. I. P . palustris 
2A. Petals white or cream color. (Drymocallis Fourr.) .. . . .. . 2. P. arguta 
3A. Petals yellow. 
IB. Plant shrubby. (Dasiphora Raf.) .. . .. . . . ... .... .... . . 3. P. fruticosa 
2B. Plant herbaceous. 
IC. Plant stoloniferous, flower solitary. (Argentina Lam.) 
ID. Bractlets toothed or divided, achenes grooved ..... . 4. P. anserina 
2D. Bractlets entire, achenes not grooved ... . . .... . . .. 5. P. pacifica 
2C. Plants lacking runners, flowers in cymes. 
ID. Leaves odd-pinnate. 
IE. Leaves with 3-7 pairs of leaflets. 
IF. Leaves silky-tomentose on both sides . . .... . .. 6. P. hippiana 
2F. Leaves green or grayish on upper side . . .... ... 7. P . pennsylv anica 
2E. Lower leaves with 2 or 3 pairs of leaflets. 
IF. Style .filiform. 
IG. Leaflets pinnatifid ... . ...... .... . .... . ... . .. IL P . multifida 
2G. Leaflets toothed . .. ... . . . .. . ....... .. . .. . . . .12. P . rubricaulis 
2F. Style enlarged and glandular at the base. 
IG. Leaves silky-pubescent on both sides ....... 10. P. pulchella 
2G. Leaves tomentose beneath, green above. 
IH. Leaflets pinnatifid almost to the midrib . ... 9. P. v irgulata 
2H. Leaflets pinnatifid 1h-3/4 way to midrib . . . . 8. P . pectinata 
2D. Leaves palmately 5- to 7-foliate. · 
IE. Leaflets toothed to the base ....... .. . . ....... . . . I4. P . gracilis 
2E. Leaflets toothed on upper half only . . . .. .. . ..... .13. P. diversifolia 
3D. Leaves trifoliate. 
IE. Leaflets cleft to the middle or lower (see also P . vahliana) . 
IF. Petals 2-4 mm. long .. .. ........ ..... . ... .. ... 16. P. elegans 
2F. Petals 5-8 mm. long .. .. . . . . . . . ...... . .. .. .. . . .15. P. biflora 
2E. Leaflets toothed. 
IF. Leaves hirsute on lower surface. 
IG. Plant erect . .. . . . . .. . . . ... . . ..... . . . . . . . .. . .18. P . m onspeliensis 
2G. Plant spreading .... . . . ... . .. . .. . . . ....... .. I7. P. emarginata 
2F. Leaves tomentose or densely sericeous on lower surface. 
IG. Stems I dm. or less tall, I- to 3-flowered. 
IH. Petals obcordate . . . . .... . . .. . . . . .. ... ..... 20. P. uniflora 
2H. Petals obreniform ........ . . ... . .. .. . .. . . . 21. P. v ahliana 
2G. Stems normally I-2 dm. tall, several-flowered. 
IH. Flowers 2--3 cm. in diameter . .... . .. . .... . 19. P. villosa . 
2H. Flowers I5 mm. or less in diameter. 
IJ. Leaves deeply dissected . .... . ... . . . . .. . . 22. P. hookeriana 
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2J. Leaves coarsely dentate .. ..... . .... . ... 23. P. nivea 
3G. Stems more than 25 cm. tall .... ... .... . .. ... 24. P . chamissonis 
1. P. palustris (L.) Scop. Purple or Marsh Cinquefoil 
Comarum palustre L. 
Aquatic or marsh perennial with creeping rootstocks; stems ascend-
ing, more or less hirsute and glandular-pubescent above; leaves pinnate, 
leaflets 3-7, usually 5, green above, pale beneath, oblong or oval, sharply 
serrate, 2-6 cm. long; bractlets small and narrow; sepals purple, ovate, 
acuminate, 8-15 mm. long; petals much shorter than the sepals; style 
lateral; achene smooth with purplish apex. 
Circumboreal, south to Penn.-Wyo.-Calif. Fig. 651. 
2. P. arguta Pursh. Tall or Glandular Cinquefoil 
Drymocallis arguta (Pursh) Rydb. 
Rootstock stout and woody; stems stout, erect, 3-10 dm. tall, striate, 
hirsute, glandular or viscid; basal leaves 7- to 11-foliate; leaflets ovate, 
oval or rhomboid, the terminal one cuneate, the lateral ones oblique, all 
sharply incised-dentate; stem leaves reduced; flowers in a dense cyme, 
12-18 mm. in diameter; hypanthium, bractlets and calyx glandular viscid; 
petals whitish, drying yellowish, a little longer than the sepals. 
Yukon-N. B.-Va.-Colo. Fig. 652. 
3. P. fruticosa L. Shrubby Cinquefoil. Yellow Rose 
Dasiphora fruticosa (L.) Ry db. 
A much-branched shrub with shreddy bark, 2-12 dm. tall; leaves 
pinnate, silky pubescent, especially beneath; leaflets usually 5, oblong or 
linear-oblong, entire and usually with more or less revolute margins, 
10-25 mm. long; petals 10-15 mm. long, much longer than the sepals; 
achenes dark, receptacle with long brown hairs. 
Circumpolar, south to N. Jer.-Minn.-N. Mex.-Calif. Fig. 653. 
4. P. anserina L. Common Silverweed 
Argentina anserina (L.) Rydb. 
Leaves 1-2 dm. long; leaflets 9-31 with smaller ones interspersed, 1-4 
ctn. long, oblong or oblong-lanceolate, white-silky beneath, sparingly 
silky to green and glabrate above; peduncles 3-15 cm. long; petals 7-15 
mm. long; achenes corky, grooved on the upper end. Var. sericea Hayne 
(Argentina argentea Rydb.) has the upper sµrface of the leaves silky-
tomentose. 
Interrupted circumboreal, south to N. Jer.-N. Mex. Fig. 654. 
5. P. pacifica Howell. Pacific Silverweed 
P. yukonensis Hult. 
P. egedii Wormskj. var. groenlandica (Tratt.) Polunin. 
Argentina occidental is Rydb. 
A. subarctica Rydb. 
Resembling the preceding in appearance; leaves up to 4 dm. long in-
cluding petiole; leaflets up to 6 cm. long, glabrous or nearly so above, 
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silky-tomentose beneath; peduncles up to 3 dm. long; petals up to 15 mm. 
long. The vigorous form on the Pacific Coast gives way gradually to the 
diminutive' form of the Arctic Coast which often has leaves and peduncles 
only a few centimeters high. 
Mostly along beaches, circumpolar, south to Calif. Fig. 655. 
6. P. hippiana Lehm. W ooly Cinquefoil 
Stems erect, 3-6 dm. tall, silky canescent; lower leaves 5-to 11-foliate; 
leaflets oblanceolate or oblong, obtuse, narrowed or cuneate at the base, 
15-50 mm. long, deeply toothed; sepals ovate-lanceolate, 5-7 mm. long; 
bractlets nearly equaling the sepals but narrower; petals 6-8 mm. long. 
Central Alaska-Minn.-Nebr.-Ariz. 
7. · P. pennsylvanica L. Pennsylvania Cinquefoil 
Stems erect or ascending, 4-8 dm. tall in the typical form, more or less 
tomentose; leaves pinnately 5- to 15-foliate; leaflets oblong or oblanceo-
late, cleft one-half way to the midrib into oblong divisions, grayish 
tomentose and veiny beneath, glabrous or nearly so above; bractlets 
about equaling the sepals; petals longer than the sepals; achenes smooth 
or more often somewhat rugulose. Var. strigosa Pursh is generally lower, 
3-5 dm. tall, leaflets deeply divided into narrow lobes with revolute 
margins. Var. glabrata Wats. has stem and leaves nearly glabrous. 
Asia, east central Alaska-Hudson Bay-Kans.-N. Mex. Fig. 656. 
8. P. pectinata Fisch. Coast Cinquefoil 
Stems usually clustered from a woody rootstock, finely pubescent, 
2-5 dm. tall; stipules large, foliaceous and lobed; leaves mostly 5-foliate; 
leaflets obovate or oblong, cut into narrow lobes with revolute margins, 
2-5 cm. long; flowers about 15 mm. in diameter; bractlets lanceolate with 
narrowed bases; sepals lanceolate with broad bases, a little longer than 
the bractlets; achenes smooth or minutely rugulose. 
Skagway and in eastern North America. Fig. 657. 
9. P. virgulata A. Nels. 
Caudex short and with a taproot; stems 2-5 dm. tall; leaflets ovate, 
1-4 cm. long, sparingly hairy above, white pubescent beneath, dissected 
into narrowly linear divisions with revolute margins; bractlets linear, 
about equaling the lanceolate sepals; petals somewhat exceeding the 
sepals; achenes smooth. 
Seward Penin.-Wyo.-Utah. Fig. ~58. 
10. P. pulchella R. Br. 
Densely caespitose and silky-hirsute with white or yellowish hairs; 
stems spreading, 1- to few-flowered, less than 1 dm. long; leaves usually 
5-foliate; leaflets obovate-cuneate, deeply dissected into linear segments; 
bractlets oblong, nearly as long as the ovate sepals; petals 5-6 mm. long, 
a little exceeding the sepals; styles short. 
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Wrangel Isl.-Ellsmereland-Spitzbergen - Nova Zemlya - Labr. -
Seward Penin.-?Kiska Isl. 
11. P. multifid.a L. Cut-leaved Cinquefoil 
Stems, several to many, arising from a woody caudex, ascending or 
spreading, somewhat appressed-strigose, 1- 3 dm. long; leaflets pectinately 
divided to very near the midrib into narrow, linear divisions with more 
or less revolute margins, smooth above, tomentose beneath; bractlets 
slightly shorter and petals slightly longer than the 3-4 mm. long sepals; 
style short; achenes smooth or somewhat rugose. 
Circumpolar, south to Great Slave L.-southern Alaska. Fig. 659. 
12. P . rubricaulis Lehm. Red-stemmed Cinquefoil 
Stems several, ascending or prostrate, often tinged with red, 1-2 dm. 
long, pubescent with spreading hairs; leaflets glabrate _above, white 
tomentose beneath, 1-3 cm. long, obovate or oblanceolate, pinnately cleft 
into lanceolate, acute teeth; stem leaves usually ternate; cymes 5- to 9-
flowered; petals obcordate, a little longer than the sepals. 
Reported from Herschel Isl. , Mackenzie-Ellsmereland-Great Bear 
Lake. 
13. P . diversifolia Lehm. Diverse-leaved Cinquefoil 
P. glaucophylla of reports from Alaska. 
Stems 1-few from a woody caudex, 2-5 dm. tall; leaflets pubescent 
when young, often glabrate in age, obovate or oblanceolate, toothed or 
lobed on the upper half, 2-5 cm. long; stipules of basal leaves lanceolate 
and scarious, of upper leaves wider and foliaceous; bractlets shorter than 
the sepals; petals obcordate, 5--9 mm. long; styles long, filiform. 
Alaska Range-S. Dak.-Colo:-Calif. Fig. 660. 
14. P . gracilis Dougl. 
P. alaskana Rydb. 
P. blqschkeana and P. nuttallii of reports from Alaska. 
Stems pubescent, branched above, 4-9 dm. tall; basal leaves long-
petioled; leaflets obovate, cut one-half way to the midrib into narrow 
lobes, pubescent, sometimes silky, especially beneath, 3-12 cm. long; 
inflorescence silky; sepals 8-10 mm. long, longer than the bractlets; petals 
about equaling the sepals; achenes smooth; base of style dilated. 
Kodiak Isl.-Wiseman-Alta.-Mont.-Calif. Fig. 661. 
15. P. biflora Willd. Two-flowered Cinquefoil 
Almost acaulescent, caespitose, silky pubescent alpine plant; stipules 
linear-lanceolate; terminal leaflet split nearly to the base into 3 linear 
divisions, the lateral into 2 such divisions, all pubescent beneath, glabrate 
above in age, the margins revolute; scapes 3-10 cm. tall, 1- or 2-flowered; 
bractlets and sepals about equal; achenes nearly 2 mm. long; receptacle 
with long silky pubescence. 
Eastern Asia-Mackenzie River-Alaska Range. Fig. 662. 
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16. P. elegans C. & S. Pretty Cinquefoil 
Densely caespitose or pulvinate; stems 15-30 mm. tall, 1-flowered; 
lea.ves short petioled, the leaflets 3-6 mm. long, sparsely villous-pilose; 
petals slightly exceeding the sepals and bracts. A very small and delicate 
species. 
Eastern half of Asia, extending to Mackenzie. 
17. P. emarginata Pursh. Arctic Cinquefoil 
P. nana Willd. 
Caespitose; 2-15 cm. tall; leaflets sessile, softly hirsute, 3- to 9-toothed, 
5-15 mm. long; stems 1- or 2-flowered; bractlets 4-5 mm. long, about 
equaling the ovate, acute sepals; petals broadly obcordate, 5-9 mm. long; 
style filiform, short; achenes glabrous. 
Circumpolar, south to Labr.-southern Alaska-Aleutians. Fig. 663. 
18. P. monspeliensis L. Rough Cinquefoil 
P. norvegica ssp. monspeliensis (L.) Achers. & Graebn. 
Stems erect from an annual or biennial root, branched, hirsute, 
2-8 dm. tall; stipules foliaceous, entire or dentate; leaves trifoliate, rarely 
5-foliate on young, vigorous growth; leaflets variable, usually obovate, 
deeply serrate, pubescent with spreading hairs, 2-6 cm. long; flowers in 
rather dense, leafy-bracted cymes; bractlets and sepals lanceolate, acute; 
petals nearly as long as the sepals; achenes rugulose. 
Widespread in our area, Alaska-Labr.-Mexico-Calif. Fig. 664. 
19. P. villosa Pall. Villous Cinquefoil 
Silky-villous throughout; stems 15-30 cm. tall, 1- to several-flowered; 
leaflets with prominent veins, greenish above, silvery beneath, obovate, 
deeply crenate-dentate with rounded teeth, 1-5 cm. long; bractlets acute; 
sepals acute, broader and slightly longer than the bractlets, 6-8 mm. 
long; petals 8-12 mm. long; achenes nearly smooth but generally with a 
few lines. 
Eastern Asia-Seward Penin.-Alaska Range-Aleutians. · Fig. 665. 
20. P. uniflora Ledeb. One-flowered Cinquefoil 
Silky-pubescent, stems 3-12 cm. tall, usually 1-flowered but some-
times 2-flowered; leaflets silky or glabrate above, white-tomentose be-
neath, deeply cut from the apex, the terminal one cuneate-obovate, the 
lateral ones rhombic, 1-2 cm. long; bractlets and sepals silky, the bractlets 
obtuse, the sepals acute, 4-5 mm. long; petals obcordate, 6-8 mm. long. 
Lena River, Siberia-Alta.-Mont.-Colo.-Ore.-Kamchatka. Fig. 
666. 
21. P. vahliana Lehm. Vahl CiIJ.quefoil 
Caudex woody, covered with old remains of stipules and petioles; 
whole plant covered with yellowish villous hairs; leaves crowded, short 
petioled; leaflets usually 1 cm. or less long, cuneate, coarsely and deeply 
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dentate at the apex; bractlets broadly ovate or elliptic, often obtuse; 
petals usually broader than long and overlapping. 
Wrangel Isl.-Ellsmereland-Labr.-St. Matthew Isl. Fig. 667. 
22. P. hookeriana' Lehm. Hooker Cinquefoil 
Caespitose; stems 1- 2 dm. tall, tomentose; basal leaves on petioles 
1-3 cm. long; leaflets 1-2 cm. long, deeply cleft into oblong lobes, silky 
villous above, densely tomentose beneath; bractlets almost as long as the 
sepals which are about 4 ·mm. long; petals obcordate, slightly exceeding 
the sepals. 
Urals-Victoria Land-Mont. Fig. 668. 
23. P . nivea L. Snow Cinquefoil 
Caespitose, the caudex covered with the brown stipules and old 
leaves; stems several, 10- 25 cm. tall, more or less tomentose, few-leaved; 
basal leaves on petioles 2- 5 cm. long; leaflets oblong-cuneate or obovate, 
15-30 mm. long, glabrate or slightly villous above, densely white-
tomentose beneath, coarsely and deeply crenate; sepalt> ovate-lanceolate, 
longer than the bractlets and shorter than the petals which are narrowly 
. obcordate. 
Circumboreal, Yukon, south to Colo.-Nevada. Fig. 669. 
24. P . chamissonis Hult. Chamisso Cinquefoil 
Stems several, 2-5 dm. tall; lower leaves long-petioled, 3-foliate or a 
few 5-foliate; leaflets obovate, the lateral sessile, the terminal long petiolu-
late, deeply serrate-dentate; inflorescence many-flowered; bracts linear to 
lanceolate, shorter than the narrowly triangular sepals; achenes about 1 
mm. long, the style being of about same length and papillose at the base. 
Southern Yukon - Quebec - Greenland - Spitzbergen - northern 
Scandinavia. 
10. SIBBALDIA L . 
Low, tufted perennials with woody caudices; leaves ternate; flowers 
in cymes on scape-like, nearly leafless stems; bractlets, sepals, and petals 
each 5; petals obovate, yellow, shorter than the sepals; stamens 5, inserted 
alternate with the petals on the wooly edge of the hypanthium; carpels 
5-20; styles lateral; achenes glabrous. (Robert Sibbald was a Scotch 
naturalist.) 
S. procumbens L. Sibbaldia 
Stems pubescent, less than 1 dm. tall; leaflets more or less appressed-
pubescent, obovate, cuneate at the base, 2- to 5- but usually 3-lobed at the 
apex, 1-3 cm. long; sepals slightly longer than the bractlets, acute or 
acuminate. 
Alpine-arctic, circumboreal, south to Newf.-N. Hamp.-Colo.-
Calif. Fig. 670. 
390 :J. P. ANDERSON 
11. CHAMAERHODOS Bunge. 
Perennial or biennial herbs; leaves ternately divided; flowers small, 
perfect, borne in cymes; bractlets wanting; hypanthium cup-shaped, 
small; sepals and petals each 5, stamens 5, opposite the petals; pistils 5-20; 
style filiform, basal. (Greek, a low rose.) 
C. nuttallii (T. & G.) Pickering. American Chamaerhodos 
C. erecta (L.) Bunge ssp. nuttallii (T. & G .) Hult. 
Usually much branched, hirsute and glandular; basal leaves 2- to 4-
ternately divided into linear or oblortg segments; stem leaves diminishing 
in size and complexity upward; flowers numerous; hypanthium 2-3 mm. 
in diameter; sepals triangular-lanceolate, about equaling the white petals. 
Yukon-L. Athabasca-Manitoba-Minn.-Colo. Fig. 671. 
12. DRYAS L. 
Low tufted or matted subshrubs; leaves alternate, petioled, simple, 
more or less rugose, white-tomentose beneath; flowers solitary on naked 
peduncles; bractlEiits wanting; sepals 7-10, persistent; petals 7-10, longer 
than the sepals, often persistent; stamens numerous; carpels numerous; 
style terminal, elongating and becoming plumose in fruit . (Latin name .· 
of a Greek wood nymph.) 
lA. Sepals ovate or ovate-lanceolate, petals yellow 
and ascending . . ... ... .. .. .... . . . ... . . . . ... .. . . .... .. 1. D. drummondii 
2A. Sepals linear or linear7 lanceolate, petals whitish, spreading. 
lB. Leaf-blades crenate, strongly rugose . .. ........ . .. .. .. 2. D. octopetala 
2B. Leaf-blades entire or with a few teeth, not 
conspicuously rugose .... . ... ... ... .. . . . . .... .. .... 3. D. integrifolia 
1. D. drummondii Rich. Drummond Mountain Avens 
Often forming mats several decimeters in diameter; leaves elliptic, 
narrowed at the base, the margins slightly revolute, 1-3 cm. long; 
peduncles 5-20 cm. tall, tomentose; sepals black glandular-pubescent, 
about 5 mm. long; petals obovate, about twice as long as the sepals; 
achenes with plumes up to 4 cm. long. 
Central and southern Alaska-Great Bear L .-Mont.-Ore., and in 
Ontario and Quebec. Fig. 672. 
2. D . octopetala L . Eight-petaled Mountain Avens 
Densely tufted; leaves elliptic, glabrous and rugose above, the mar-
gins revolute, rounded at the apex, rounded or subcordate at the base, 
1-3 cm. long; peduncles 3- 15 cm. long, tomentose, often black hairy on 
upper part; . sepals black glandular-pubescent, about 7 mm. long; petals 
about 1 cm. long; achenes with plumes up to 3 cm. long. Variable and 
consists of several races or varieties. Hybridizes with D. integrifolia. 
Circumpolar, south to Colo. Fig. 673. 
3. D. integrifolia Vahl. Entire-leaved Mountain Avens 
Similar to D. octopetala; leaves only slightly rugose, ovate or ovate-
lanceolate, the revolute margins entire or with a few teeth near the base, 
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the apex sometimes acute; sepals acute. Var. sylvatica Hult. is a shade 
form with narrower leaves up to 45 mm. long; peduncles in fruit up to 
20 cm. long. 
Eastern Asia-Ellesmereland-Greenl.-Newf.-N. Hamp.-B. C. 
Fig. 674. 
13. GEUM L. 
Perennials; leaves pinnate, in some species the terminal leaflet much 
the largest; flowers yellow or whitish; bractlets, sepals and petals each 5; 
stamens many, filaments capillary; carpels many on a conical or clavate 
receptacle; style persistent. (The ancient Latin name.) 
l A. Sty.le conspicuously bent and geniculate above ... .... . .. 1. G. macrophyllum 
2A. Style not conspicuously bent or geniculate (Sie·versia Willa. ) . 
lB. Sty.le not much elongated in fruit. . . .. .... . ... . . . .. . .. 2. G. rossii 
2B. Style elongating in fruit and plumose below. 
lC. Basal leaves with terminal leaflet much the largest . . . 3. G. calthifolium 
2C. Basal leaves pinnate with leaflets of nearly same size . 
lD. Leaflets 5-7 ....... . . . . . .......... . .... . . .. ....... 4. G. pentapetalum 
2D. Leaflets 11- 17 . . . .... . .. . ... . ..... . .... . ........... 5. G. glaciale 
1. G. macrophyllum Willd. Large-leaved Avens 
Stem more or less hirsute, 4-9 dm. tall; basal leaves interruptedly 
pinnate with a large terminal cordate, doubly crenate-dentate leaflet 
5-10 cm. broad; stem leaves 3-foliate or deeply 3-lobed; all leaflets more 
or less hirsute on both sides; petals ovate, longer than the reflexed calyx 
lobes; receptacle and ovary pubescent; style curved and jointed, the 
lower portion of upper joint pubescent; achenes hooked. Ssp. perincisum 
(Rydb.) Hult. has narrower, more deeply incised, acute leaflets with 
longer, more acute teeth. 
The species in the coast regions and the subspecies in interior 
Alaska, eastern Asia-Newf.-N. Hamp.-Colo.-Ariz.-Calif. Fig. 675. 
2. G. rossii (R. Br.) Ser. Ross Avens 
Sieversia rossii R. Br. 
Stems arising from a large, upright, woody caudex, 7-25 cm. tall1 
basal leaves interruptedly pinnate, 5-10 cm. long including petiole; larger 
leaflets 9-15, variously incised and toothed, pubescent on the margins, 7-1.5 
mm. long; stems with about 3 reduced leaves, 1- or 2-flowered; sepals 
and bractlets lanceolate, pubescent; petals bright yellow, about 1 cm. long 
and broad. 
Alpine-arctic, eastern Asia-Melville Isl.-Yukon-Aleutians. Fig. 
676. 
3. G. calthifolium Menz. Caltha-leaved Avens 
Sieversia calthifolia (Menz.) D. Don 
Hirsute; rootstock thick, nearly horizontal; stems 1-3 dm. tall, scape-
like, with a few reduced leaves; basal leaves of one large, cordate-reniform, 
doubly crenate, often slightly lobed leaflet, 3-10 cm. wide, and a few much 
reduced lateral ones; flowers 1-few; sepals lanceolate, acute, hirsute, 8-10 
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mm. long; petals broad, usually emarginate, 8-14 mm. long; achenes 
hirsute, the developed plumose style 10-15 mm. long. 
Coast regions, eastern Asia-Aleutians-Vancouver Isl. Fig. 677. 
G. calthifolium X G. rossii (Sieversia macrantha Kearney) occurs 
where the ranges of the tw.o species overlap. Stems 1-4 dm. tall, more or 
less pubescent, branched above; basal leaves up to 14 cm. long; leaflets 
7-13, the upper one deeply lobed, the lowermost reduced, all irregularly 
serrate; flowers and fruit intermediate between the parents. 
4. G. pentapetalum (L.) Makino. Low Avens 
Sieversia pentapetala (L.) Greene 
Base more or less suffruticose; leaves glabrous, crowded at the end 
of the branches; leaflets 5-7, cuneate or ovate-lanceolate, toothed toward 
the apex, 5-15 mm. long; peduncles 3-10 cm. long; bractlets shorter than 
the sepals; sepals ovate-lanceolate, acuminate, 6-8 mm. long; petals about 
1 cm. long, very light yellow. 
Japan-eastern Siberia-Aleutians. Fig. 678. 
5. G. glaciale Adams. Glacier Avens 
Sieversia glacialis (Adams) Spreng. 
Rootstocks short, thick, dark purplish-brown; basal leaves sparsely 
pilose above, densely so beneath with soft yellowish hairs; leaflets many, 
mostly 8-12 mm. long, often toothed, tipped with long hairs, the terminal 
one larger and lobed; stem leaves few and 5'ID.all; stems usually 1-
flowered, 1-2 dm. tall, bractlets lanceolate, shorter than the sepals; sepals. 
acute, 7-8 mm. long; petals rather light yellow, longer than the sepals. 
Bering Sea and Arctic coasts, l..ena R.-Mackenzie R. Fig. 679. 
14. SANGUISORBA L. 
Perennials with thick rootstocks; leaves odd-pinnate; flowers small,. 
borne in dense spikes on long, naked peduncles; stipules adnate; leaflets· 
toothed; hypanthium urn-shaped, angled, constricted at the mouth; sepals 
4, petaloid; petals none; stamens 4-12 or more; carpels 1-3; style filiform, 
terminal; achenes usually 1, enclosed in the hypanthium. (Latin, blood 
and absorb.) 
IA. Stamens scarcely or not at all exceeding the sepals, the 
filaments filiform . . ......... . . . . . . . ... .. ... . . . . . . ... . . l. S. otficinalis 
2A. Stamens longer than the sepals, filaments flattened. 
lB. Flowers purplish ....... . . . . . . .. . .. .. . . . .. . ... . . ... . . . 2. S. menziesii 
2B. Flowers greenish or whitish . . . . .. . . . ..... .. . . ..... . . .. 3. S. sitchensis 
1. S. officinalis L. Officinal Great Burnet 
S. microcephala Presl of some reports. 
Glabrous, rather slender, 3-12 dm. tall; leaflets 7-13, oval or ovate, 
regularly serrate with gland-tipped teeth, on petiolules less than 1 cm. 
long, 1- 6 cm. long; flowers dark purple in spikes 1- 3 cm. long and about 
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1 cm. thick; sepals ovate, often minutely pubescent on the back; hypan-
thium and fruit 4-winged. 
Bogs and wet soil, Bering Str.-Yukon, Eurasia. Fig. 680. 
2. S. menziesii Rydb. Menzies Great Burnet 
Stems slender, 3-10 dm. tall; leaflets 9-15, rounded oval to ovate, 2-6 
cm. long, coarsely serrate with broadly ovate teeth; petiolules 6-25 mm. 
long; spikes 1-3 cm. long; sepals dark purple, oval, about 2.5 mm. long; 
filaments 5-7 mm. long. 
Southern Alaska-Wash. Fig. 681. 
3. S. sitchensis C. A. Mey. Sitka Great Burnet 
S. latifolia (Hook.) Cov. 
Leafy, 4-12 dm. tall; leaflets 7-21, ovate or elliptic, serrate with 
sharp-pointed teeth, cordate, 1-7 cm. long; spike dense, 2-10 cm. long, 
1 cm. or more thick; flowers greenish-white, sometimes tinged with 
purple; sepals oval; stamens 4, long-exerted. 
Wet soil, Arctic Circle-Idaho-Ore.-eastern Asia. Fig. 682. 
15. SORBUS (Tourn.) L. 
'Trees or shrubs; ours with alternate, pinnate leaves; stipules decidu-
ous, flowers small, perfect, regular, white, borne in terminal compound 
cymes; sepals 5, deciduous; styles usually 3, distinct; ovules 2 in each 
cell of the ovary; fruit a red berry-like pome. (The ancient Latin name 
for the pear or service-tree.) · 
lA. Tree, up to 15 m. tall ... . .. .. . . ..... .. ...... . . . .... .. . .. 4. S . aucuparia 
2A. Shrubs, 4 m. or less tall. 
lB. Leaflets usually 7 or 9 .... . ... . . .. ... . ............. . . . 1. S . sambucifolia 
2B. Leaflets usually 9 or 11 .. ........ . .......... .... ...... 2. S . sitchensis 
3B. Leaflets 11-15 .... . .. .. ... . . . ... . .. ..... . .... . ........ 3. S . scopulina 
1. S. s<Lmbucifolia (C. & S.) Roem. Elder-leaved Mountain Ash 
1-2 m. tall; leaflets 7-11, 2-7 cm. long, lanceolate to ovate-lanceolate, 
acuminate, usually broadest at the asymmetrical base, the margins 
sharply serrate almost to the base; inflorescence round-topped, 8- to 15-
flowered; flowers 10-15 mm. in diameter; sepals triangular, somewhat 
ciliolate, stamens about as long as the petals; styles 5; fruits ellipsoid, 
glaucesent, 10-15 mm. in diameter. 
An east Asian species occurring in the western Aleutians. Fig. 683. 
2. S . sitchensis Roem. Sitka Mountain Ash 
Usually about 1 m . tall in alpine situations but up to 4 m. at lower 
elevations; leaflets oval or oblong, 3-7 cm. long, the apex rounded or 
slightly acutish, the margins serrate on the upper one-third to two-
thirds; inflorescence round-topped, 15- to many-flowered; flowers 6-9 mm. 
broad, fragrant; sepals ciliolate; top of ovary pubescent; fruit subglobose 
or ellipsoid, red, becoming orange and :fi'.nally purplish, 8-10 mm. in 
diameter. 
Pacific coast of Alaska-Mont.-B. C. Fig. 684. 
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3. S. scopulina Greene. Western Mountain Ash 
S. alaskana G. N. Jones not Rollick. 
S. andersonii G. N. Jones 
1-4 m. tall; leaflets elliptic or elliptic-lanceolate, acute or acuminate, 
serrate from near the base, 3-8 cm. long; inflorescence many-flowered; 
fruit bright red, subglobose, 8-10 mm. in diameter . 
. Bering Sea-L. Athabasca-Black Hills-N. Mex.-Calif. · Fig. 685. 
4. S. aucuparia L. European Mountain Ash. Rowan Tree 
Leaflets 9-15, oblong-lanceolate, acute, 3-5 cm. long, upper two-
thirds serrate, entire toward the base; inflorescence usually 75-100-
flowered; fruit scarlet, subglobose, 9-11 mm. in diameter. 
A native of Europe but spreading·rapidly from cultivation. 
16. MALUS Juss. 
Trees or shrubs; leaves toothed or lobed; flowers perfect, regular, 
showy, white or pink; flowers in small cymes; sepals 5; petals 5, rounded 
and clawed; styles 2-5, united at the base; ovary 2- to 5-celled, with 2 
ovules in each cell; carpels papery or leathery, enclosed in the enlarged 
hypanthium, forming a pome usually depressed at the base. (Greek, 
apple.) 
.M. fusca (Raf.) Schneider. Western Crab-apple 
M. diversifolia (Bong.) Roem. 
Pyrus diversifolia Bong. 
Pyrus rivularis Dougl. 
A shrub or small tree, 2-5 m. tall; young growth pubescent; leaves 
ovate, variable, serrate, sometimes more or less lobed, glabrous above, 
pubescent beneath, acute, 3-8 cm. long; petals white, about 1 cm. long; 
calyx pubescent, not persisting in fruit; fruit usually oblong, sometimes 
subglobose, about 1 cm. long, acid but not astringent. 
Near the coast, southern Alaska-Calif. Fig. 686. 
17. AMELANCHIER Medic. 
Shrubs or trees; leaves simple; flowers racemose, white; sepals 5, 
reflexed, persistent; stamens many, inserted on the throat of the calyx; 
styles 3-5; ovary 3- to 5-celled becoming twice as many celled by intrusion 
of false partitions from the back; ovules solitary in each cell; fruit berry-
like. (The Savoy name of the Medlar.) 
Leaves about as broad as long ... . . ... ..... ... . .. .... . ..... . . 1. A. alnifolia 
Leaves distinctly longer than broad ...... . ...... .. .. .. .... . .. 2. A. florida 
1. A. alnifolia Nutt. Northwestern Service-berry 
A low shrub, 1-2 m. tall; leaves thick and firm, nearly orbicular or 
round-oval, 2-4 cm. long, glabrous above, tomentose beneath when young; 
sepals densely wooly; petals oblanceolate-oblong, about 1 cm. long; fruit 
about 8 mm. in diameter. 
Central Alaska-Sask.-Nebr.-Colo. Fig. 687. 
FLORA OF ALASKA 395 
2. A. florida Lindl. Pacific Service-berry 
A shrub or tree, 2-5 m. tall; leaves oblong, usually entire near the 
rounded base, serrulate toward the rounded apex, 2-5 cm. long; racemes· 
4-8 cm. long; sepals lanceolate, acute, glabrous or slightly pubescent; 
petals oblanceolate, 12-15 mm. long; fruit purple, juicy, 8-10 mm. in 
diameter. 
Alaska Penin.-Oregon. Fig. 688. 
18. CRATAEGUS L. 
Shrubs or small trees, usually armed with spines; leaves simple, 
alternate, toothed, often lobed; flowers in corymbs, usually white; sepals 
5; petals 5; stamens 5-25; carpels 1-5, separate; fruit a drupe-like pome 
containing 1-5 bony nutlets. (Greek, meaning strong, from the tough-
ness of the wood.) 
C. douglasii Lindl. Black Hawthorn 
Spines 15-25 mm. long; leaves variable, doubly serrate above the 
cuneate base, often slightly lobed, 2-8 cm. long, glabrous beneath, pubes-
cent above, at least on the midrib and veins; corymbs usually many-
flowered; petals orbicular, 4-5 mm. long; fruit black. 
Hyder-Mich.-N. Mex.-California. Fig. 689. 
22. FABACEAE (Pea Family) 
Herbs or. woody plants; leaves mostly compounds, alternate and with 
stipules; flowers perfect, irregular and zygomorphic; calyx of 4 or 5 more 
or less united sepals; petals 5, the upper, called the standard or banner, 
enlarged and enclosing the others in the bud, the two lowermost united to 
form the keel and enclose the pistil and stamens, the two lateral form the 
wings; stamens usually 10, and diadelphious, 9 being united by their fila-
ments, the other being free; ovary superior, 1- or sometimes 2-celled by 
intrusion of the sutures; ovules 1-many; fruit a legume, or a •loment by· 
constriction bet:ween the seeds. Members of this family are usually 
known as legumes. 
lA. Leaflets 3. 
lB. Flowers in dense heads . .. ............ .. ........... . .. 1. Trifolium 
2B. Flowers not in dense heads. 
lC. Pods rugose, ovoid ......................... . ........ 2. Melilotus 
2C. Pods coiled or curved ............................... 3. Medicago 
2A. Leaflets more than 3. 
lB. Leaves palmately compound. 
lC. Leaflets serrulate .................... ..... . . . ... . .. . 1. Trifolium 
2C. Leaflets entire .. . ..................... . . ............ 4. Lupin us 
2B. Leaves pinnately compound. 
lC. Leaves usually with tendrils. 
lD. Styles filiform with a tuft or ring of hairs at 
the apex . . .. ... ..... ....... . .. ......... ......... 8. Vicia 
2D. Styles flattened upward, hairy downinner side .... 9. Lathyrus 
2C. Leaves without tendrils. 
lD. Fruit a loment .................................... 7. Hedysarum 
2D. Fruit on ordinary pod. . 
lE. Keel of the corolla acute or subulate at the apex . 6. Oxytropis 
2E. Keel of the corolla obtuse at apex ............... 5. Astragalus 
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TRIFOLIUM (Tourn.) L. 
Herbs; leaves denticulate; flowers white, pink, purple, red, or yellow, 
in dense heads or spikes; calyx pedicelled, with 5 subulate teeth; corolla 
p~rsistent, the wings narrow and longer than the keel; pod flattened or 
terete, included in the persistent corolla-, 1- to 6-seeded. (Latin three, and 
leaf.) With the ~xception of No. 8 all the species are introduced and 
only Nos. 4, 5, and 6 are common. 
lA. Leaves mostly 5-foliate ................................ 1. T. Zupinaster 
2A. Leaves trifoliate. 
lB. Heads involucrate. 
lC. Involucre cup-shaped ..... . . .. .......... . ... . ....... 7. T. microcephalum 
2C. Involucre rotate. 
lD. Perennial, corolla 12 mm. long .................... 8. T. fimbriatum 
2D. Annual, corolla 6-8 mm. long ..................... 9. T. variegatum 
2B. Heads without an involucre. 
lC. Annuals, flowers yellow. 
lD. Heads 10- to 20-fiowered ......................... 3. T. dubium 
2D. Heads 20- to 40-fiowered ........... . ..... .... .... 2. T. procumbens 
2C. Biennials or perennials. 
lD. Peduncles terminal or subterminal. ............ .. . 4. T. pratense 
2D. Peduncles axillary. 
lE. Stems prostrate, rooting at the nodes ..... . ...... 5. T. repens 
2E. Stems ascending .. . . .... ........... , ............ 6. T. hybridum 
1. T. lupinaster L. Lupine Clover 
Perennial; stems erect or ascending, appressed pubescent, 3-5 dm. 
tall; leaflets linear-elliptic, acute, finely setose-serrulate, 2-4 cm. long; 
heads about 3 cm. thick; calyx pubescent, the tube about 3 mm. long, the 
teeth 5-8 mm. long; corolla pink, about 15 mm. long. 
Escaped near Fairbanks and along the Yukon. Native of Eurasia. 
Fig. 690. 
2. T. procumbens L. Low Hop Clover 
Stems decumbent, 15-50 cm. long; leaflets obovate, cuneate at the 
base, rounded, truncate or emarginate at the apex, denticulate toward the 
apex, 10-15 mm. long, the terminal one stalked; flowers yellow,. reflexed 
and brown in age, the standard broad and striate. 
Native of Europe. 
3. T. dubium L. Shamrock 
Similar to T. procumbens but the leaflets are more distinctly cuneate, 
the standard narrower and only faintly striate and the whole plant more 
slender. This is claimed to be the true Shamrock. 
Native of Europe. 
4. T. pratense L. Red Clover 
Stems more or less pubescent, branching, ascending, 2-7 dm. tall; 
stipules strongly veined, subulate-tipped; leaflets rounded or retuse at 
apex, minutely denticulate, 2-5 cm. long, often with dark spot near middle; 
heads ovoid, usually sessile; flowers rose-red, about 12 mm. long; calyx 
long-hairy. 
Extensively naturalized, native of Eurasia. 
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5. T. repens L. White or Dutch Clover 
Stems creeping, glabrous; leaves long-petioled; stipules small, mem-
branous, acute; leaflets broadly obovate, more or less emarginate at the 
apex, 8-25 mm. long; heads long-peduncled; flowers pedicelled, 8-12 mm. 
long, reflexed in fruit. 
Extensively naturalized, native of Europe. Fig. 691. 
6. T. hybridum L. Alsike Clover 
Perennial; stems erect or ascending, 2-7 dm. tall; heads long-
peduncled; flowers pink to nearly white, pedicelled and reflexed in fruit; 
calyx teeth subulate. This is a natural species and not a hybrid as the 
name would indicate. 
Extensively naturalized, native of Europe. Fig. 692. 
7. T. microcephalum Pursh. Small-headed Clover 
Annual, stem sparingly villous, branched from the base, 2-4 dm. 
long; leaflets 5-15 mm. long, obcordate or cuneate-obovate, emarginate, 
serrate; involucral lobes 7-10, with scarious web-like margins; heads 5-10 
mm. long; calyx pubescent, corolla rose to white, 6 mm. long. 
Manley Hot Springs, B . C.-Mont.-Lower Calif. 
8. T. fim'briatum Lindl. Coast or Cow Clover 
With slender, creeping rootstocks; stems decumbent, branching from 
the base, 1-4 dm. long; leaflets obovate to oblanceolate, finely setose-
serrulate, 10-25 mm. long; involucre about 15 mm. broad deeply and 
lacinately lobed; heads 2-3 cm. broad; corolla about 12 mm. long, white 
or light purple, the wings reddish-purple. 
Loring, B. C.-Calif. 
9. T. variegatum Nutt. White-tipped Clover 
Stems.glabrous, decumbent or ascending, 2-10 dm. long; leaflets vari-
able, the lower small, cuneate, obcordate, the upper obovate or oblong-
lanceolate, 5-15 mm. long, setose-serrulate; heads 6-12 mm. broad; in-
volucre lobed and deeply lacinate-toothed; corolla purple, white-tipped, 
6-8 mm. long. 
St. Michael, B. C.-Calif. 
2. MELILOTUS (Tourn.) Hill 
Our species sweet-scented herbs; flowers borne in spike-like racemes; 
calyx teeth nearly equal; pod ovoid, short and thick, indehiscent or nearly 
so. (Greek, honey and lotus.) Both species have become established at 
Fairbanks and Palmer in Alaska and at Mayo in Yukon. They are native 
to Eurasia. 
Flowers white .............................................. 1. M. alba 
Flowers yellow . .. .... . .... ..... .... . . .. .. . .. .... . . ... . . .. .. 2. M. officinalis 
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1. M. alba Desv. White Sweet Clover 
Stems erect, branched, 3-8 dm. tall; leaflets narrowly oblong- obovate, 
denticulate, 15-25 mm. long, narrowed at the base; flowers numerous, 4-6 
mm. long; pod about 3 mm. long. Fig. 693a. 
2. M. officinalis (L.} Lam. Yellow Sweet Clover 
Similar to the preceding; leaflets somewhat broader and more sharply 
denticulate. Fig. 693b. 
3. MEDICAGO (Tourn.) L. 
Herbs with yellow or purple flowers in axillary heads o.r racemes; 
leaflets toothed; calyx with slender nearly equal lobes; pods curved or 
spirally coiled, in some species spiny. (Greek, from Medea.) Our species 
are escapes from cultivation or introduced weeds and are not common. 
lA. Flowers purple ...... . ...... ..... .. ........ ... .... . ... .. 1. M. sativa 
2A. Flowers yellow. 
lB. Pods simply twisted .................................. 2. M. falcata 
2B. Pods reniform ........................................ 3. M. lupulina 
3B. Pods spirally coiled .................................. 4. M . hispida 
1. M. sativa L. Alfalfa 
Perennial; much branched, partly decumbent or ascending; leaflets 
oblap.ceolate, truncate or retuse and toothed at the apex, 1-3 cm. lqng; 
corolla 8-10 mm. long; pod pubescent, spirally twisted into 2 or 3 coils. 
Native of Europe. Fig. 694a. 
2. M. falcata L. Yellow-flowered Alfalfa 
Branched, decumbent or ascending perennial, 3-5 dm. tall; leaflets 
obovate-cuneate, toothed at the rounded, mucronate apex, 7-20 mm. long; 
flowers 7-10 mm. long; pod nearly straight but twisted, reticulated and 
finely pubescent, about 12 mm. long. 
Near Fairbanks, native of Europe. Fig. 694b. 
3. M. lupuLina L. Nonsuch. Hop Clover 
Annual, branched from the base, the branches decumbent or spread-
ing, more or less pubescent throughout; leaflets cuneate, rounded, toothed, 
notched, mucronulate at the apex, the nerves ending in teeth; flowers in 
small head-like racemes, about 3 mm. long; pod pubescent, .reticulated. 
Occasionally adventitive in our area, native of Eurasia. Fig. 694c. 
4. M. hispida Gaertn. Burr Clover 
Annual; stems glabrous or with a few appressed hairs, branched from 
the base, spreading or ascending, 2-8 dm. long; leaflets obovate or ob-
cordate, 8-20 X 5-15 mm., crenulate; pods coiled, reticulate, armed on 
the edges with hooked prickles. 
Native of Eurasia. 
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4. LUPINUS ·(Tourn.) L. 
Our species all perennials; flowers showy, in terminal recemes; 
leaves 5- to 15-foliate; calyx 2-lipped, the upper lip of 2 partly and the 
lower of 3 partly or wholly united sepals; corolla in ours blue, rarely 
white, often tinted with other colors; standard broad with reflexed 
margins; wings curved; keel sickle-shaped; stamens monodelphous; 
anthers alternately oblong and roundish'; pod a fiat 2-valved legume. 
(Latin, Lupus, a wolf.) 
lA. Leaves green, thinly pubescent or glabrous above. 
1B. Leaflets 9- 15 .. . .. . .. . . . ... . ..... . ..... . ... . .. . .. ... .. 3. L. polyphyllus 
2B. Leaflets 5-10. 
lC. Leaflets with acute tips . . .... . ........ . . ... ... . . . ... 1. L . arcticus 
2C. Leaflets with rounded tips . . .... . .. .. ... ..... . .. .. .. 2. L. n ootkatensis 
2A. Leaflets canescent on both sides. 
lB. Flowers subsessile ...... . .. .. ........ . . . . . . ... .. .... . . 4. L. lepidus 
2B. Flowers with pepicels 4-7 mm. long . ... ..... . . . ... .. .. 5. L. sericeus 
1. L. arcticus W ats. Arctic Lupine 
Stems in clumps, 2-5 dm. tall; leaflets narrowly oblanceolate or linear 
obovate, appressed pubescent beneath, acute, often mucronate, 2-8 cm. 
long; stipules subulate; flowers often shaded pink or white, 15-18 mm. 
long; wings and standard nearly equal; calyx villous, the upper lip gib-
bous, 5-6 mm. long; lower lip 7-8 mm. long; pods with brown pubescence; 
seed brown, mottled. A variable group from which forms have been 
described as species. 
Bering Sea-Arctic Archipelago-B. C. Fig. 695. 
2. L. nootkatensis Donn. Nootka Lupine 
Stems clustered, branched, varying from glabrous to densely villous, 
2-10 dm. tall; leaflets 6-8, obovate or oblanceolate, 2-6 cm. long; racemes 
rather dense, up to 25 cm. long; flowers often shaded pink or white, 
rarely pure white, 13-18 mm. long; upper lip of calyx 8 mm. long, the 
lower lip 10 mm. long; wings and standard subequal; pod 3-4 cm. long. 
L . kiskensis C. P. Smith appears to be a very depauperate form of this 
species. 
Mostly along the coast but extending to the Alaska Range, Attu 
Island to Vancouver Island. Fig. 696. 
3. L . poly,phyllus Lindl. Large-leaved Lupine 
Stems stout, 6-15 dm. tall; le~flets narrowly oblanceolate, appressed-
pubescent beneath, acute, 6-12 cm. long; racemes up to 50 cm. long; calyx 
gibbous on upper ltide, upper lip 4-5 mm. long, lower lip 5- 6 mm. long; 
corolla blue, purple or reddish-purple; wings longer than the standard, 
about 15 mm. long; pods densely pubescent with long brown hairs. 
Seward to Mt. McKinley Park, Vancouver Island-Mont.-Calif. 
Fig. 697. 
4. L. lepidus Dougl. Prairie Lupine 
Stems somewhat decumbent at base, densely silky, 15-40 cm. tall; 
leaves long-petioled; leaflets 5-9, oblanceolate, 12-25 inm. long, usually 
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folded; racemes 8-16 cm. long; flowers 10-13 mm. long; pods silky, 1-2 cm. 
long. 
South Yukon-Hyder-Idaho-Calif. Fig. 698. 
5. L. sericeus Pursh. Silky Lupine 
Appressed silky throughout; stems erect, 3-6 dm. tall; leaflets 5-9, 
oblanceolate, acute, 3-8 cm. long; racemes up to 15 cm. long; flowers 
about 1 cm. long; pod 2-3 cm. long, yellow. 
Whitehorse, B. C.-Mont.-S. Dak.-Ore. Fig. 699. 
5. ASTRAGALUS (Tourn.) L. 
Herbs, ours all perennial and with evident stems; leaves usually odd-
pinnate; flowers violet-purple, white or yellowish, borne in spikes or 
racemes; calyx tubular with nearly equal teeth; petals clawed, the stan-
dard erect, the keel blunt, about equaling the wings. (The Greek name 
of some legume.) In addition to the species here described, forms have 
been collected that may represent undescribed species. 
lA. Pod sickle-shaped. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. A. nutzotinensis 
2A. Pod straight or nearly so. 
lB. Pod wholly 1-celled. 
lC. Pod compressed laterally. 
10. Pod glabrous .............. .. .............. . ...... 2. A. tenellus 
20. Pod with black hairs .............. . .. . . .. . ..... .. 3. A. amblyodon 
2C. Pod slightly or not at all compressed. 
10. Pod stipitate. 
lE. Pod glabrous .......................... .. .... ... 4. A. americanus 
2E. Pod black-hairy ............. . ............... ... 5. A. umbellatus 
20. Pod sessile. 
lE. Pod more than 15 mm. long. . . . . . . . . . . . . . . . . . . . . 6. A. polaris 
2E. Pod less than 1 cm. long ......................... 7. A. yukonis 
2B. Pods with the lower suture inflexed. 
lC. Septum incomplete. 
10. Pod not sulcate on lower suture, both sutures prominent. 
lE. Pod compressed, nearly glabrous . ........ . ...... 8. A. aboriginorum 
2E. Pod more turgid, black-hairy. 
lF. Pod subsessile ..... .. ................. . ..... , . 9. A. eucosmus 
2F. Pod stipitate. 
lG. Corolla 8-12 mm. long .. .. ...... . . .... ...... 10. A. macounii 
,2G. Corolla 12-15 mm. long . . ..... .... . . ... ... . . 11. A. harringtonii 
20. Pod sulcate on lower suture. 
lE. Pod erect or ascending ......................... 12. A. williamsii 
2E. Pod drooping, stipitate ...... . ... .............. .. 13. A. alpinus 
2C. Septum complete or nearly so. 
10. Partition of pod complete ........ . ........ .... . . .. 15. A. hypoglottis 
20. Partition of pod not completely joined with upper 
suture ................ . . . .. .. .... .............. 14. A. vicifolius 
1. A. nutzotinensis Rousseau. Sickle-pod Milk Vetch 
A. falciferous Hult. • 
Gynophoraria falcata Rydb. 
Stems weak and trailing, 3-20 cm. long; leaflets 9-19, obovate, elliptic 
·or ovate, glabrate above, hirsute beneath; peduncles 1- to 4-flowered; 
flowers tinted lilac, 12-15 mm. long; calyx minutely black-hairy, the subu-
Jate teeth nearly as long as the tube; pod minutely black-hairy, 3-5 cm. 
long. 
Chickaloon-Mt. McKinley Park-Yukon. Fig. 700. 
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2. A tenellus Pursh. Loose-flowered Milk Vetch 
Homalobus tenellus (Pursh) Britt. 
Caespitose; stems 3-5 dm. tall, sparingly strigose; leaflets 11-21, linear 
or oblong, obtuse at the apex, 1-2 cm. long, 1-3.5 mm. wide, glabrous on 
both sides or with a few hairs beneath; racemes several- to many-flowered; 
calyx-tube about 2 mm. long, the teeth slightly shorter; corolla ocroleu-
ceus, 6-10 mm. long; pod stipitate, 8-10 X 3 mm., reticulate. 
Yukon-lower Mackenzie-Manitoba-Colo.-Nev. Fig. 701. 
3. A. amblyodon Kearney. 
Homalobus amblyodon (Kearney) Rydb. 
Stems caespitose, decumbent or prostrate, 1 dm. or less long; leaflets 
5-13, oval or obovate, retuse at the apex, glabrous above, sparingly 
strigose beneath, 3-5 mm. long; peduncles few-flowered; calyx black-
hairy, the tube about 3 mm. long, the teeth scarcely 1 mm. long; corolla, 
10-12 mm. long. 
Alaska Penin. and Mt. McKinley Park. 
4. A. americanus (Hook.) M. E. Jones. Arctic Milk Vetch 
Phaca americana (Hook.) Rydb. 
Erect, 3- 10 dm. tall, glabrous below, slightly pubescent above; leaflets 
oval, elliptic or oblong, obtuse, glabrous above, somewhat pubescent be-
neath, 2-5 cm. long; calyx about 4 mm. long, nearly glabrous, the margin 
ciliate, the teeth short; pod glabrous, its stipe about 5 mm. long, the body 
about 2 cm. long. 
Central Alaska-Great Slave Lake-Que.-Wyo.-B. C. Fig. 702. 
5. A. umbellatus Bunge. 
A. littoralis (Hook.) Cov. & Kearney. 
Phaca littoral is (Hook.) Rydb. 
Hairy Arctic Milk Vetch 
Stems more or less pubescent, 5-25 cm. tall; leaflets 7 or 9, oblong to 
ovate, glabrous above, pubescent beneath, 12-25 mm. long; peduncles 5-
to 15-flowered; flowers yellowish, about 15 mm. long; calyx 5-8 mm. long, 
the teeth triangular, short, pubescent; pod short-stipitate, 15-20 mm. long, 
covered with short, black pubescence. 
Alaska and Yukon except the southeastern coast, Eurasia. Fig. 703. 
6. A . polaris (Seem.) Benth. Polar Milk Vetch 
Phaca polaris (Seem.) Rydb. 
Stems slender, decumbent or creeping, 1-8 cm. long; leaflets 11-15, 
ovate or obovate, 3-10 X 3-5 mm., notched at the apex; racemes 1- to 5-
fl.owered ; calyx black-hairy, the teeth triangular; corolla purple, about 
15 mm. long; pod minutely strigulose, inflated, membranous, 20-30 X 10-
15 mm. 
Cape Vancouver-Point Hope-Wiseman. Fig. 704. 
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7. A. yukonis M. E. Jones. Yukon Milk Vetch 
Stems very slender, decumbent or ascending, 1-3 dm. long; leaflets 
7-15, 4-12 X 1.5-3.5 mm., glabrous above, strigose beneath; flowers 7-10 
mm. long, the tips light purple, calyx black-hairy, the tube about 2.5 mm. 
long, the subulate teeth 1.5 mm. long; pod black-hairy, 5-7 mm. long. 
Central Alaska-Yukon-western Mackenzie. Fig. 705. 
8. A. aboriginorum Rich. Indian Milk Vetch 
A. linearis (Rydb.) Pors. 
Atelophragma aboriginum (Rich.) Rydb. 
Caespitose, stems erect or decumbent at the base, 15-40 cm. tall; 
leaflets 9-13, oblong, lance-oblong or linear, more or less villous beneath, 
villous to glabrate above, 8-20 mm. long; peduncles longer than the leaves; 
racemes short in anthesis, elongated and lax in fruit; calyx black-hairy, 
the teeth subulate, nearly equaling the tube; corolla 8-10 mm. long, white, 
tinged with violet; pods long-stipitate, glabrous when mature, the body 
15-25 mm. long, acute at both ends. A variety with black-strigulose pods 
is var. muriei Hult. 
Seward Penin.-the Arctic Archipelago-Black Hills-Colo.-Nev. 
and the Gaspe Penin., Que. Fig. 706. 
9. A. eucosmus Robin. Pretty Milk Vetch 
Atelophragma elegans (Hook.) Rydb. 
Stems glabrous or nearly so, somewhat branched, 25-55 cm. tall; 
leaflets usually 13 or 15, oblong or linear-oblong, 10-25, mm. long, glabrous 
above, strigose beneath; corolla about 8 mm. long, purple; pod usually 
black-hairy but sometimes white-hairy. 
Seward Penin.-Great Bear Lake-Labr.-Newf.-Colo.-B. C. Fig. 
707. 
10. A. macounii Rydb. Macoun Milk Vetch 
Atelophragma collieri Rydb. in part. 
Stems 3-6 dm. tall, branched, somewhat angled, glabrous or nearly 
so; leaflets 11-19, elliptic or ovate, 15-30 X 5-10 mm., glabrous and dark 
green above, paler and sparingly pilose beneath; calyx black-hairy, the 
teeth subulate and much shorter than the tube; corolla about 12 mm. long, 
nearly white; pods about 2 cm. long with a stipe about 5 mm. long, acute 
at each end. 
Kobuk River-Great Bear Lake-Idaho-Colo. Fig. 708. 
11. A. harringtonii Cov. & Standl. Harrington Milk Vetch 
Stems branching, 2-5 dm. tall; leaflets 9-15, oblong, elliptic, or ovate, 
obtuse at the apex, glabrous or sparingly pubescent above, decidedly 
pubescent beneath, 1-4 cm. long; calyx pubescent with black hairs, the 
subulate teeth about the same length as the tube; pods about 15 mm. 
long, covered with mostly black pubescence. 
Coastal region of Alaska north to Deering. Fig. 709. 
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12. A. williamsii Rydb. Williams Milk Vetch 
Atelophragma williamsii Rydb. 
Stems ascending or erect, 3-6 dm. tall, more or less 4-angled; leaflets 
9-13, oval to linear, 15-35 X 4-12 mm., obtuse or retuse at the apex, 
glabrous or nearly so; racemes compact but elongating in fruit; calyx 
black-hairy, the tube about 3 mm. long, the teeth short; petals ochro-
leucous, the keel purplish-tipped; pods erect, subsessile, 10-14 mm. long, 
in age glabrous and reticulate, deeply sulcate on lower suture. 
Central Alaska-Yukon. Fig. 710. 
13. A. alpinus L. Alpine Milk Vetch 
Ascending or decumbent, branched, 1-4 dm. tall; leaflets 11-29, ovate, 
elliptic or obovate, glabrate above, pilose beneath, 6-15 mm. long; flowers 
violet, about 12 mm. long; calyx black-hairy, the teeth triangular-subu-
late, nearly as long as the tube; pod stipitate, densely black-hairy. A 
variable and widely distributed species occurring in several forms or 
races. 
Circumpolar, south to Vt.-Colo.-Idaho. Fig. 711. 
14. A . vicifoliu_s Hult. Vetch-leaved Milk Vetch 
Caespitose; stems 15-50 cm. tall, angled, strigose; leaflets 13-17, 
linear-oblong, 10-30 X 2-6 mm., strigose pubescent beneath, usually 
glabrous above; racemes dense, many-flowered; calyx pubescent with 
black hairs usually with some white ones intermixed, the tube 4-5 mm. 
long, the teeth short; corolla about 15 mm. long, ochroleucous with purple 
tip; pod white-hairy, about 6 mm. long. 
Central Alaska-Yukon. Fig. 712. 
15. A. hypoglottis L. 
A. agrestis Dougl. 
A. tarletonis Rydb. 
Purple Milk Vetch 
Caespitose; stems branched, angled, decumbent or ascending, 1-3 dm. 
tall; leaflets 15- 25, oblong to elliptic, emarginate, 6-15 mm. long, rather 
densely pubescent beneath, less so above; flowers purple, in dense heads; 
calyx black-pubescent; pods short, sessile, densely pilose. · 
Yukon-Great Slave Lake""7"Hudson Bay-Minn.-Calif. Eurasia. 
Fig. 713. 
6. OXYTROPIS DC. 
Tufted perennial, nearly acaulescent herbs resembling Astragalus; 
leaves odd-pinnate; flowers racemose or spicate, sometimes reduced to 1; 
calyx teeth nearly equal; petals clawed, the keel erect, its apex mucronate, 
acuminate, or appendaged; pod 2-valved, 1-celled or more often 2-celled 
by the intrusion of the ventral suture. (Greek, sharp "keel.) A very 
critical and confusing group, forms occurring that can scarcely be as-
signed to any of the following species. 
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lA. Leaves unifoliate or trifoliate . ... .. .. . .. . .. ... . . . . . . . . .. 3. 0. mertensiana 
2A. Leaves pinnate. 
lB. Calyx lobes glandular. 
lC. Stipules long-ciliate on the margins ... .. .. .. .. ... . . . 4. 0. leucantha 
2C. Stipules also pubescent on the back. 
lD. Calyx mostly white-hairy, pods abruptly pointed . . 5. 0 . viscida 
2D. Calyx mostly black-hairy, pods more long-
acuminate .. . . . .. . . . . ... . .. . ... .. .. . .. .. . .. . . . 6. 0 . viscidula 
2B. Calyx lobes not glandular. 
lC. Peduncles rarely more than 2-flowered. 
lD. Old stipules stiff, castaneous ... .. .... .. . .. . . .. . ... 7. 0. kokrinensis 
2D. Old stipules membranous and thin, light- or 
grayish-brown .. . . . .. .. . . . .. ... . . ... . . . .. ... . . . 8. 0. nigrescens 
2C. Peduncles 2- to 5-flowered .... .. .. . ... . .... .. ..... . 9. 0 . scammanici.na 
3C. Peduncles mostly more than 5-flowered. 
lD. Flowers blue or purplish. 
lE. Pods reflexed. 
lF. Racemes strongly elongated in fruit. .. . . .. .... 1. 0. deflexa 
2F. Racemes short and head-like .... . .... . ...... . 2. 0. foliolosa 
2E. Pods ascending. 
lF. Scapes 5- to 8-flowered ... ... .. . ... . ..... . . . .. 10. 0 . roaldi 
2F. Scapes up to 15-flowered . ...... . . . ..... . ... .. . 11. 0. ?erecta 
2D. Flowers yellowish. 
lE. Old stipules dark castaneous brown . ... .. ... .. . . 13. 0. maydelliana 
2E. Old stipules- yellowish or light brown . . . .... .... 13. 0 . gracilis 
3A. Leaves with verticillate leaflets (see also 11. 0 . ?erecta) . 
lB. Flowers blue . . ... . .. .. . ... .. ...... . . . . . .... .. . .. . . . .. 14. 0. splendens 
2B. Flowers yellowish . .. . ............ . .. . ...... . .... . . . .. 15. 0 . varians 
1. 0. deflexa (Pall.) A.DC. Deflexed-podded Oxytrope 
0. retrorsa Fern. 
Silky-pubescent, with short stems; peduncles 15-40 cm. tall; leaflets 
23-45, crowded, lanceolate or ovate, silky, rounded at the base, acute at 
the apex, 5-15 mm. long; fruiting racemes 4-12 cm. long; flowers dingy 
white with bluish apex, 6-9 mm. long; calyx teeth subulate, about as long 
as the tube ; pod pubescent with soft white or brown hairs, nearly 15 mm. 
long, strongly deflexed and the ventral suture deeply intruded. 
Circumpolar, south to the Black Hills, N. Mex. , Idaho, and B. C. 
Fig. 714. 
2. 0. foliolosa Hoc;>k. Foliose Oxytrope 
Resembling 0 . deflexa but acaulescent; leaflets 15-29, appressed 
pilose, ovate, 2- 10 mm. long; spike compact, 1-3 cm. long, 2- to 10-flowered; 
calyx campanulate, black-pilose, the lance-subulate lobes about equaling 
the tube; corolla deep violet, 8- 10 mm. long; pod stipitate within the calyx, 
10- 15 mm. long, black-hirsute. 
Yukon-Hudson Str.-Newf.-Colo. 
3. 0 . mertensiana Turcz. Mertens Oxytrope 
Less than 1 dm. tall; leaves usually r educed to 1 leaflet but sometimes 
trifoliate; leaflets linear-elliptic, ciliate on the margins, acute at both 
ends, 15-30 mm. long; peduncles 1- to 3-flowered, more or less villous; 
flowers purple, about 14 mm. long; calyx black-wooly, about 15 mm. long, 
short-beaked. 
Central and northwest Alaska, northeast Asia. Fig. 715. 
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4. 0. leucantha (Pall.) Bunge. 
0. borealis Hook. 
405 
Caespitose, hirsute and glandular; leaflets 17-25, the margins revolute, 
upper surface g1abrous, lower surface ciliate, 5-10 mm. long; peduncles 
5-30 cm. tall; heads short and compact, usually 6- to 12-flowered; calyx 
densely black and white long-hairy, the tube about 6 mm. long, the teeth 
3-4 mm. long; corolla -violet blue, about 15 mm. long; pod black-hairy. 
Eastern Asia and Bering Sea region-western Yukon. Fig. 716. 
5. 0. viscida Nutt. Vicid Oxytrope 
Aragallus viscidus (Nutt.) Greene. 
Caespitose; leaflets up to 57 in number, usually acute, 3-18 mm. long; 
scapes 8-30 cm. tall, erect, hirsute; spikes 3-8 cm. long; calyx villous, the 
tube about 5 mm. long, the teeth 3 mm. long; corolla violet or whitish, 
about 12 mm. long; pod minutely pubescent, 12-15 mm. long. 
Central Alaska-Mont.-Colo.-Nev. Fig: 717. 
6. 0. viscidula (Rydb.) Tidestrom. 
Aragallus viscidulus Rydb. 
Caespitose; leaflets 17-31, 5-13 mm. long, sparingly villous and 
glandular; scapes 6-22 mm. tall; spikes 2-5 cm. long; calyx soft-hairy, the 
tube 4-5 mm. long, nearly equaled by the teeth; corolla purple with 
yellowish base, about 12 mm. long; pod 10-15 mm. long, finely black-hairy. 
Katmai-Wiseman-Great Slave Lake-Colo.-Utah. Fig. 718. 
7. 0. kokrinensis Pors. Kokrines Mountains Oxytrope 
Caudices long, densely covered by long-persisting, ferrugineous 
stipules with attached petioles; free part of stipules silky villous, in age 
merely ciliate to almost glabrous, long-triangular, acute; leaves long-
petioled, 3-5 cm. long-with 3 or 4 pairs of revolute leaflets, long, silky-
villous; scapes barely exceeding the leaves, usually 2-flowered; calyx 
purplish-brown, villous, the teeth subulate, one half as long as the tube; 
corolla purple, 10-15 mm. long; pod stipitate within the calyx, 20- 25 X 6-
8 mm., with short grayish-black, appressed pubescence. 
Kokrines Mountains. 
8. 0 . nigrescens (Pall.) Fisch. Blackish Oxytrope 
Densely caespitose with branching caudex a few centimeters long; 
leaves and peduncles silky-canescent with white hairs, leaflets 7-13, 
ovate to lanceolate, 3- 8 mm. long; stipules scarious, the lobes lanceolate 
and ciliate margined; scapes 1- or 2-flowered; calyx densely black-hairy, 
the lobes narrow; corolla blue or purplish, 15-25 mm. long; pods 2-3 cm. 
long, inflated. This species is represented in our area by 2 subspecies. 
Ssp. bryophila (Greene) Hult. (Aragallus bryophilus Greene) has the 
free part of the stipules long attenuate. Ssp. pygmaea (Pall.) Hult. (0. 
pygmaea (Pall.) Fern.) is more pulvinate in habit and has shorter, blunt 
stipules. 
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The type form Asiatic, ssp. bryophila in central and western Alaska, 
ssp. pygmaea in northern and central Alaska to Hudson Bay. Fig. 719. 
9. 0. scammaniana Hult. Sc<\mman Oxytrope 
0 . arctica Am. auct. 
Densely tufted; leaves 15-40 mm. long; leaflets 7-19, 4-8 X 1-3 mm., 
hirsute, at least beneath, often ending in a tuft of hairs; scapes 2-7 cm. 
tall, 2- to 5-flowered; Cal,.vx densely black-hairy, the tube 3-4 mm. long, 
the teeth 2-2.5 mm. long; corolla violet, 11-15 mm. long; pod black-hairy 
and with incurved tip, about 15 mm. long. 
Central and eastern Alaska. Fig. 720. 
10. 0 . roaLdi Osten£. Roald Oxytrope 
Loosely caespitose; free part of stipules deltoid, hyaline, pubescent 
on back with long, appressed, white or yellowish appressed hairs; leaves 
up to 9 cm. long; leaflets 11-19, 3-10 mm. long, serico-villous; scapes 1 dm. 
or less tall, 3- to 8-flowered; calyx black-hairy; corolla purplish, about 
2 cm. long. 
Rare, arctic Asia, Alaska and Yukon-Victoria Island and Coronation 
Gulf. 
11. 0 . ? ere eta Korn. 
Stipules hairy, the free part long-attenuate, hyaline, reticulate; 
leaves up to 13 cm. long, pinnate or the leaflets verticillate; leaflets acute, 
12-20 mm. long, about 3 mm. wide, sparingly silky on both sides; bracts 
linear-setaceous, up to 13 mm. long, white-hairy; calyx with long white 
and short black hairs, the tube 6-8 mm. long, the teeth about 5 mm. long; 
corolla violet, about 2 cm. long; ovary pubescent, slightly stipitate. 
North slope of Brooks Range. 0. erecta is a Kamchatka species and 
this may prove to be an unnamed form. 
12. 0. maydeLZiana Trautv. Maydell Oxytrope 
More or less villous-pubescent throughout with rather long, white 
hairs except the calyx on which the hairs are black or mixed; leaflets 
11-19, ovate-lanceolate, 4-16 mm. long; scapes several- to many-flowered; 
inflorescence a bracted spike, often head-like; flowers yellowish, 12-18 
mm. long; pod generally with both black and white hairs, 12-15 mm. 
long, tipped with the beak-like persistent style. 
Eastern Asia-arctic Alaska-Baffin Land-Labr.-Alaska Penin. 
Fig. 721. 
13. 0. graciLis (A. Nels.) K. Schum. Northern Yellow Oxytrope 
0 . campestris Am. auct. 
Leaflets 21-31, more or less appressed-silky, usually acute, 10-25 mm. 
long; scapes 2-4 dm. tall; spikes 4-12 cm. long; calyx silky, the tube 6-8 
mm. long, the linear-subulate teeth 2.5-4 mm. long; corolla yellowish, 
about 15 mm. long; pod black-hirsute, often with some white hairs, about 
2 cm. long. 
Central and south Alaska-Alta.-Man.-S. Dak.-Idaho. Fig. 722. 
14. 0. splendens Dougl. 
0. richardsonii Hook. 
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Showy Oxytrope 
Silky-villous throughout; leaflets 20-50, in whorls of 2-4, oblong-
lanceolate, 8-20 mm. long; scapes 1-3 dm. tall; calyx densely villous, the 
teeth narrow, less than half the length of the tube; corolla violet blue, 10-
15 mm. long; pod long-villous, long-pointed, about 15 mm. long. 
East Alaska-Yukon-Sask.-Minn.-Mont.-B. C. Fig. 723. 
15. 0. varians (Rydb.) Hult. Variable Oxytrope 
Aragallus varians Rydb. . 
Leaflets 25-50, many of them in verticels, densely silky-villous when 
young, 1-2 cm. long; scapes 15-40 cm. tall; spikes 4-12 cm. long; calyx 
silky-villous, the tube about 5 mm. long, the teeth 2-3 mm. long; corolla 
about 12 mm. long, yellowish; pod villous and with short black hairs, 12-
15 mm. long. 
Eastern and south central Alaska to Yukon-Victoria Land-Great 
Bear Lake. Fig. 724. 
7. HEDYSARUM (Tourn .) L . 
Per'ennials; flowers showy, in axillary racemes; calyx bracteolate 
and with 5 nearly equal teeth; standard obovate or obcordate, clawed; 
keel longer than the wings, obliquely truncate; pod flat , divided trans-
versely into rounded or rhombic, 1 seeded internodes forming what is 
known as a loment. 
Calyx teeth ovate, acute, shorter than the tube ........ 1. H . alpi num americanum 
Calyx teeth subulate, longer than the tube .. . . . .... ... 2. H . mackenzii 
1. H. alpinum L. ssp. americanum (Michx.~ Fedtsch. 
American Hedysarum 
H . boreale Nutt. 
H. auriculatum Eastw. 
Stems erect or ascending, glabrous or nearly so, often strigose above, 
2-7 dm. tall; leaflets 9-21, variable, often mucronulate, rounded at the 
base, 15-30 mm. long, sparingly hairy beneath; racemes long; flowers 
violet purple to white, numerous, deflexed, 12-18 mm. long; pod of 3-5 
strongly reticulated, mostly oval joints 6-10 mm. long. The var. grandi-
florum Rollins (H. truncatum Eastw.) has flowers longer than 16 mm. 
The whole species circumpolar, ssp. americanum south to B. C. , Wyo., 
S. Dak., N. Hamp. and Maine. Fig. 725. 
2. H . mackenzii Rich. Wild Sweet Pea 
Minutely pubescent or strigose; stems 3-6 dm. tall; leaflets 9-17, ellip-
tic, 1-3 cm. long, glabrate above, grayish strigose beneath; flowers frag-
rant, violet purple, 17-20 mm. long; pods normally about 6-jointed, 
minutely strigose and cross-reticulated, the internodes nearly orbicular, 
5-7 mm. long. 
North Asia-Banks and Victoria Lands-Man.-Alta-Ore. Also in 
Que. and Newf. Fig. 726. 
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8. VICIA L. 
Climbing or trailing herbs; leaves pinnate, bearing tendrils at the 
tip; flowers axillary, solitary or more often borne in racemes; calyx some-
what oblique, 5-toothed, the upper 2 shorter; standard obovate or oblong, 
clawed; wings adherent to the keel; style slender, with a tuft or ring of 
hairs at the summit; pod flat, 2-valved, dehiscent, few- to several-seeded. 
(The classical Latin name.) 
lA. Flowers solitary or in pairs . . ........ . .. . . .. .. .. .. . ..... 5. V. angustifolia 
2A. Flowers in racemes. 
lB. Racemes short, 2- to 8-flowered ..... .. ....... .... . ... . 1. V . americana 
2B. Racemes elongated, many-flowered. 
lC. Plant villous with spreading hairs .. ... ... . . .. .... .. . 3. V . villosa 
2C. Glabrous or with appressed pubescence. 
lD. Flowers 9-12 mm. long .... . '. ..................... 4. V. cracca 
2D. Flowers more than 12 mm. long . . . . ........ .. .. .. . 2. V. gigantea 
1. V. americana Muhl. American Vetch 
Perennial; stems 6-10 dm. long, sparsely pubescent; leaflets 8-16, 
nearly elliptic, cuspidate and often with a few serrations, 1~5 mm. long; 
calyx teeth lanceolate; corolla purple, 15-18 mm. long; pod g!abrous, 
3-4 cm. long. 
Central Alaska-Great Slave Lake-Dela.-Va.-Mo.-Texas-Ariz. 
-Calif. Fig. 727. 
2. V . gigantea Hook. Sitka Vetch 
V. sitchensis Bong. 
A vigorous perennial; stems slightly pubescent below, more so 
toward the summit; leaves 15-30 cm. long including the tendrils; leaflets 
14-32, ovate-oblong, obtuse or rounded and mucronulate at the apex, 18-
60 mm. long, joined to the rachis by short stalk; peduncles 5- to 16-
flowered; flowers purple or ochroleucous, 12-16 mm. long; pod stipitate, 
glaucous, blackish, abtmt 45 X 15 mm. 
Along the coast, Cook Inlet-central Calif. Fig. 728. 
3. V. villosa Roth. Hairy Vetch 
Annual or biennial; stems villous with spreading hairs, up to 15 dm. 
long; leaflets linear to oblong-linear, 15-30 mm. long; flowers 15-20 mm. 
long; pod up to 3 mm. long. 
Escaped from cultivation at Palmer. Native of Eurasia. 
4. V . cracca L . Cow Vetch 
Perennial; stems slender, usually finely pubescent, up to 1 m. long; 
leaflets 8-24, linear to lance-oblong, 12-20 mm. long; racemes elongated 
and densely-flowered; flowers violet; pods glabrous, 18-24 mm. long. 
Escaped at Fairbanks and Palmer. Native of Eurasia. 
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5. V. angustifolia (L.) Reich. Narrow-leaved Vetch 
Stems slender, glabrous or puberulent, 3-6 dm. long; leaflets 4-16, 
8-35 X 2-4 mm.; flowers 2 or more usually 1 in the upper axils, purple; 
pod linear, glabrous, 25-50 X 5-7 mm. 
Introduced at Sitka. Native of Europe. 
9. LATHYRUS (Tourn.) L. 
Ours perennial herbaceous vines with horizontal rootstocks; leaves 
pinnate and tendril-bearing; flowers in racemes; calyx oblique or gibbous 
at the base, the teeth nearly equal or the upper shorter; standard obovate, 
emarginate and clawed; wings oblique, adherent to the shorter keel; 
stamen diadelphious above, monodelphious below; style curved, hairy 
along the inner side; pod linear, flattened, continuous between the seeds. 
(Ancient Greek name of some legume.) 
IA. Stipules nearly as large as the leaflets .. . . .. ... .. . . . .. . .. 1. L . marit imus 
2A. Stipules much smaller than the leaflets. 
lB. Stems winged, leaflets narrow . . .. . . . .. . .. . .... . . .... .. 2. L. palustris pilosu s 
2B. Stems simply keeled, leaflets wider . . ....... . . . .... .. 3. L. v enosus 
1. L. maritimus (L.) Bigel. Beach Pea 
L . japonicus Willd. 
Stems glabrous or in northern forms somewhat pubescent, 2-6 dm. 
long; stipules ovate, sagittate-hastate, acute, 2-4 cm. long; leaflets 3-6 
pairs, oblong-elliptical, obtuse and mucronate at apex; ·tendrils often 
branched; flowers purple, showy, 18-25 mm. long; pod linear-oblong, 4-5 
cm. in length. 
~ear the sea, circumpolar and widely distributed. Fig. 729. 
2. L. palustris L. ssp. pilosus (Cham.) Hult. Wild Pea 
Stems slender, somewhat pubescent, angled and winged, 4-10 dm. 
long; leaflets 2-4 pairs, 25-50 cm. long, 3-10 mm. wide, mucronate at the 
apex; tendrils mostly branched; peduncles 2- to 6-flowered; corolla purple, 
14-20 mm. long; pods linear, slightly pubescent, 40-60 X 6 mm. 
The whole species circumboreal. the ssp. south to N. Car. and Okla. 
Fig. 730. 
3. L. venosus Muhl. Veiny Pea 
Stems slender, sparingly pubescerl.t, 5-10 dm. long; leaflets 6-14, 
elliptic, 2-5 cm. long; stipule small, entire; tendrils well developed; 
peduncles about as long as the leaves, 5- to 10-flowered; calyx pubescent, 
the teeth shorter than the tube; corolla 15-18 mm. long, the standard 
purplish, the other petals whitish; pods glabrous, linear, 4-5 cm. long. 
Hyder-Sask.-Ont.-Penn.-Ga.-La.-Kans.-Mont. 
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583. Sedum oregonum Nutt. Flower and leaf. 
584. Sedum roseum (L.) Scop. Fruit and leaves. 
585. Sedum stenopetalum Pursh. Fruit and cluster of leaves. 
586. Parnassia fimbriata Konig. Petal and leaf. 
587. Parnassia palustris L. Petal, staminodium, and leaf. 
588. Parnassia kotzebuei C. & S. Flower and leaf. 
589. Chrysosplenium tetrandrum Th. Fries. Fruit, bract, and leaf. 
590. Chrysosplenium wrightii Franch. & Sav. Fruit, leaf, and base of petiole. 
591. Mitella pentandra Hook. Flower and leaf. 
592. Mitella nuda L . Flower and leaf. 
593. Tellima gran diflora (Pursh) Dougl. Flower and leaf. 
594. Tolmiea menziesii (Pursh) Torr. & Gray. Flower, fruit, and leaf. 
595. Heuchera glabra Willd. Flower and leaf. 
596. Boykinia richardsonii (Hook.) Gray. Flower and leaf. 
597. Tiarella trifoliata L. Flower and leaf. 
598. Tiarella unifoliata Hook. Fruit and leaf. 
599. Leptarrhena pyrolifolia (D. Don) Ser. Fruit and leaf. 
600. Sax ifraga bracteata D. Don. Fruit and lower leaf. 
601. Saxifraga rivularis L. Fruit and lower leaf. 
602. Saxifraga cernua L. Stem bulblets and lower leaf. 
603. Saxifraga radiata Small. Fruit and lower leaf. 
604. Saxifraga adscendens oregonensis (Raf.) Bacigalupi. Flower and leaves. 
605. Saxifraga caespitosa sileniflora (Sternb.) Hult. Fruit and leaf. 
606. Saxifraga hieracifolia Wallst. & Kit. Fruit and leaf. 
607. Saxifraga n ivalis L. Fruit and leaf. 
608. Sax,ifraga davurica grandipetala (Engl. & Irmscher) Hult. Flower and leaf. 
FLORA OF ALASKA 411 
PLATE XXIV 
412 
Scale marked in millimeters 
FIG. 
J. P. ANDERSON 
PLATE XXV 
609. Saxifraga reflexa Hook. Fruit and leaf. 
610. Saxifraga spicata D. Don. Fruit and leaf. 
611. Saxifraga. lya.llii Engler. Fruit and leaf. 
612. Saxifraga. pu.nctata. nelsonia.na. (D. Don) Hult. Fruit and leaf. 
613. Sa.xifraga. una.laschkensis Sternb. Fruit and leaves. 
614. Saxifraga. foliolosa. R. Br. Fruit, bulblet, and leaf. 
615. Saxifraga. ferruginea. Grah. Fruit and leaf 
616. Saxifraga a.leutica. Hult. Fruit and leaf. 
617. Sa.xifra.ga. serpyllifolia. Pursh. Flowering plant. 
618. Saxifra.ga. hirculus L. Fruit and leaf. 
619. Saxifraga. flagellaris Willd. Flower and leaf. 
620. Sa.xifra.ga. tolmiei Torr. & Gray. Fruit and leaf. 
621. Saxifra.ga. bronchialis funstonii (Small) Hult. Fruit and leaf. 
622. Saxifra.ga. tricuspida.ta. Retz. Fruit and leaf. 
623. Saxifra.ga. eschscholtzii Sternb. Flowering branch. 
624. Saxifraga nudica.ulis D. Don. Fruit and leaf. 
625. Sa.xifra.ga mertensia.na Bong. Flower and leaf. 
626. Saxifra.ga oppositifolia. L. Fruit and portion of stem. 
627. Ribes oxyca.nthoides L. Leaf and fruit. 
628. Ribes la.custre (Pers.) Poir. Fruit and leaf. 
629. Ribes bracteosum Dougl. Fruit and leaf. 
630. Ribes hudsonianum Rich. Fruit and leaf. 
631. Ribes laxiflorum Pursh. Fruit and leaf. 
632. Ribes triste Pall. Fruit and leaf. 
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633. Spiraea menziesii Hook. Leaf, flower, and petal 
634. Spiraea beauverdiana Schneid. Leaf, fruit, and petal. 
635. Luetkea pectinata (Pursh) Kunze. Leaf and flower. 
636. Aruncus vulgaris Raf. Seed, fruit, and part of leaf. 
637. Ru.bus chamaemorus L. Fruit, druplet, and leaf. 
638. Ru.bus pedatus Smith. Fruit and leaf. 
639. Ru.bus stellatus Smith. Sepal, stamen, petal, and leaf. 
640. Ru.bus arcticus L. Fruit and leaf. 
641. Ru.bus alaskensis Bailey. Flower and leaflet. 
642. Ru.bus strigosus. Michx. Flower and fruit. 
643. Ru.bus parviflorus Nutt. Fruit and leaf. 
644. Ru.bus spectabilis Pursh. Part of leaf and fruit. 
645. Rosa acicularis Lindl. Part of leaf and fruit. 
646. ~osa nutkana Pres!. Fruits and part of leaf. 
647. Rosa woodsii Lindl. Part of leaf and fruit. 
648. Fragaria chiloensis (L.) Duch. Part of leaf and fruit. 
649. Fragaria bracteata Heller. Leaflet, caly;x with bracts, and section of petiole. 
650. Fragaria glauca (Wats.) Rydb. Leaflet, fruit, and section of petiole. 
. 
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651. Potentilla palustris (L.) Scop. Pa'rt of leaf, petal, and achene. 
652. Potentilla arguta Pursh. Part of leaf and achene. 
653. Potentilla fruticosa L. Leaf and achene. 
654. Potentilla anserina L. Part of leaf and achene. 
655. P6tentilla pii.cifica Howell. Achene. 
656. Potentilla pennsylvanica L. Leaflet, calyx with bracts, and achene. 
657. Potenti1la pectinata Fisch. Leaf, calyx with bracts, and achene. 
658. Potentilla virgulata A. Nels. Part of leaf, calyx with bracts, and achene. 
659. Potentilla multifida L. Part of leaf, calyx with bracts, and achene. 
660. Potentilla diversifolia Lehm. Leaf, calyx with bracts, and achene. 
661. Potentilla gracilis Dougl. Leaflet, achene, and calyx with bracts. 
662. Potentilla biflora Willd. Leaf, back of flower, and achene. 
663. Potentilla emarginata Pursh. Leaf, calyx with bracts, and achene. 
664. Potentilla monspeliensis L. Part of leaf, stipule, calyx with bracts, and achene. 
665. Potentilla villosa Pall. Leaf, calyx with bracts, and achene. 
666. Potentilla uniflora Ledeb. Leaf, calyx with bracts, and petal. 
667. Potentilla vahliana Lehm. Leaf, calyx with b.racts, petal, and achene. 
668. Potentilla hookeriana Lehm. Leaf, calyx with bracts, and achene. 
669 . . Potentilla nivea L. Part of leaf, calyx with bracts, stipule and achene. 
670. Sibbaldia procumbens. Part of leaf, flower, and achene . 
• 
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671. Chamaerhodos nuttallii (T. & G.) Pickering. Leaf, achene, and flower. 
672. Dryas drummondii Rich. Leaf and achene. 
673. Dryas octopetala L. Leaf and achene. 
674. Dryas integrifolia Vahl. Leaves and achene. 
675. Geum macrophyllum Willd. Leaf and achene. 
676. Geum rossii (R. Br.) Ser. Leaf and achene. 
677. Geum calthifolium Menz. Leaf and achene. 
678. Geum pentapetalum (L.) Makino. Leaf with stipules and achene. 
679. Geum glaciale Adams. Leaf and achene. 
680. Sanguisorba officinalis L. Part of leaf and flower. 
681. Sanguisorba menziesii Rydb. Part of leaf and flower. 
682. Sanguisorba sitchensis C.A.Mey. Part of leaf and flower. 
683. Sorbus sambucifalia (C. & S.) Roem. Leaflet and flower. 
684. Sorbus sitchensis Roem. Leaves. 
685. Sorbus scopulina Greene. Leaflet and fruit. 
686. Malus fusca (Raf.) Schneider. Leaves and fruit. 
687. Amelanchier alnifolia Nutt. LI:!af and flower. 
688. Amelanchier florida Lindl. Leaf and fruit. 
689. Crataegus douglasii Lindl. Leaves and fruit. 
690. Trifolium lupinaster L. Leaf and calyx. 
FLORA OF ALASKA 419 
PLATE XXVIII 
420 
Scale marked in millimeters 
FIG. 
J. P. ANDERSON 
PLATE XXIX 
691. Trifolium repens L. Leaf and flower. 
692. Trifolium hybridum L. Leaf and flower. 
693. Pods of Melilotus. (a) M. alba Desv. (b) M. officinalis Lam. 
694. Pods of Medicago. (a) M. sativ1t L. (b) M. falcata L. (c) M. lupulina L. (d) M. 
hispida Gaertn. 
695. Lupinus arcticus Wats. Flower, keel, part of leaf, and pod. 
696. Lupinus nootkatensis Donn. Part of leaf, keel, and pod. 
697. Lupinus polyphyllus Lindl. Leaflet, pod, and keel. 
698. Lupinus lepidus Dougl. Leaf and keel. 
699. Lupinus sericeus Pursh. Leaflet, flower, and keel. 
700. Astragulus nutzotenensis Rousseau. Pod and leaf. 
701. Astragalus tenellus Pursh. Part of leaf and pod. 
702. Astragalus americanus (Hook.) Jones. Part of leaf and pod. 
703. Astragalus umbellatus Bunge. Part of leaf and pod. 
704. Astragalus polaris (Seem.) Benth. Part of leaf and pod. 
705. Astragalus yukonis Jones. Leaflets and pod. 
706. Astragalus aboriginorum Rich. Part of leaf and pod. 
707. Astragalus eucosmus Robins. Part of leaf and pod. 
708. Astragalus macounii Rydb. Part of leaf and pod. 
709. Astragalus harringtcmii Cov. & Stand!. Part of leaf and pod. • 
710. Astragalus williamsii Rydb. Part of leaf and pod. 
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711. Astragalus alpinus L. Part of leaf and pod. 
712. Astragalus vicifoUus Hult. Part of leaf and pod. 
713. Astragafos agrestis DougL Part of leaf and pod. 
714. Oxytropis deflexa (Pall) DC. Part of leaf, pod, and stipule. 
715. Oxytropis mertensiana Turcz. Leaf, pod, and l!tipule. 
716. Oxytropis leucantha (Pall.) Bunge. Part of leaf, pod, and stipules. These are 
parts illustrated in the other species of Oxytropis. 
717. Oxytropus v icida Nutt. 
718. Oxytropis v icidula (Rydb.) Tidestrom. 
719. Oxytropis nigrescens bryophila (Greene) Hult. 
720. Oxytropis scammaniana Hult. 
721. Oxytropus maydeliana Trautv. 
722. Oxytropis gracilis (A.Nels.) K. Schum. 
723. Oxytropis splendens Doug!. 
724. Oxytropis varians (Rydb.) Hult. 
725. Hedysarum alpinum americanum. (Michx.) Fedtsch. Part of leaf and fruit. 
726. Hedysarum mackenzii Rich. Part of leaf and fruit. 
727. V icia americuna Muhl. Flower, leaflet, and !itipule. 
728. Vicia gigantea Hook. Pod, leaflet, and stipule. 
729. Lathyrus maritimus (L.) Bigel. Leaflet, stipule, and pod. 
730. Lathyrus palustris pilosus (Cham.) Hult. 
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